An update of input instructions to TEMOD by unknown
7 3 2 8 0 4 7
CASE FIL
COPY
Westinghouse Astronuclear Laboratory
WANL-TME-1906A
NASA-CR-121225
JUNE 18, 1973
AN UPDATE OF
INPUT INSTRUCTIONS TO TEMOD
https://ntrs.nasa.gov/search.jsp?R=19730019315 2020-03-22T23:22:26+00:00Z
Astronuclear
v^y Laboratory
WANL-TME-1906A
NASA CR-121225
June 18, 1973
AN UPDATE OF INPUT INSTRUCTIONS TO TEMOD
Westinghouse Electric Corporation
Astronuclear Laboratory
P. O. Box 10864
Pittsburgh, Pennsylvania 15236
INFORMATION CATEGORY
"UNCLASSIFIED"
Authorized Classifier Date
FORWARD
The work described herein was performed at the Westinghouse
Astronuclear Laboratory under subcontract to the Atomics
International Division of Rockwell International Corporation.
The work was performed for the Space Nuclear Systems Division,
a joint AEC-NASA office with project management provided by
NASA-Lewis Research Center and the AEC-SNAP Project Office.
Astronuclear
Laboratory
SECTION
III
TABLE OF CONTENTS
INTRODUCTION
BASIC DESCRIPTION OF CODE SETUP
A. MAIN PROGRAM: TEMOD
B. BLOCK DATA SUBPROGRAM
C. PHONY SUBROUTINE
D. SUBROUTINE COUPLE
E. SUBROUTINE OPTIM
F. SUBROUTINE PUMP
G. SUBROUTINE LIFE
H. SUBROUTINE RITE
I. FUNCTION SUBPROGRAM SI
J. FUNCTION SUBPROGRAM DK2FK
K. FUNCTION SUBPROGRAM WATE
INPUT TO THE TEMOD CODE
A. GENERAL
B. BULK MATERIALS PROPERTIES
C. FIXED POINT CONTROL CONSTANTS
D. FLOATING POINT INPUT PARAMETERS
E. DATA CARDS, ORDER AND FORMATS
1. Comment Card
2. Fixed Point Data for NZ Array
3. Floating Point Data for Z Array
4. Temperature Data
5. Multiple Case Runs
PAGE
D- ]
D- 2
D- 2
D- 2
D- 2
D- 2
D- 2
D- 4
D- 4
D- 4
D- 4
D- 4
D- 4
D- 5
D- 5
D- 5
D- 6
D-14
D-21
D-21
D-21
D-21
D-22
D-24
TABLE OF CONTENTS
SECTION PAGE
IV PARAMETRIC CALCULATIONS D-25
A. GENERAL D-25
B. TEMPERATURE PARAMETRIC WITH SPECIFIED D-25
GEOMETRY
C. LOAD RESISTANCE PARAMETRIC WITH SPECIFIED D-26
MODULE
D. TEMPERATURE PARAMETRIC WITH SPECIFIED D-27
VOLTAGE AND CIRCUIT LENGTH
E. PARAMETRIC ON NUMBER OF COUPLES WITH D-27
SPECIFIED LOAD VOLTAGE AND CIRCUIT LENGTH
F. PARAMETRIC ON N-LEG/P-LEG AXIAL THICKNESS D-28
RATIO WITH SPECIFIED CIRCUIT LENGTH
G. PARAMETRIC ON NUMBER OF COUPLES WITH D-29
SPECIFIED LOAD VOLTAGE HEAT INPUT OR
POWER OUTPUT
H. PARAMETRIC TO DETERMINE OPTIMUM SEGMENTING D-29
RADIUS, r5
I. TEMPERATURE DERIVATIVE CALCULATIONS D-31
J. RADIAL GEOMETRY PARAMETRICS D-32
1. Inner Radius/Outer Radius Parameters D-33
2. Inner Radius/Thermoelectric Washer Radial D-34
Thickness Parameirics
K. PUMP MODULE PARAMETRIC STUDIES D-34
L. CALCULATIONS OF PERFORMANCE AS A D-35
FUNCTION OF TIME
V. TEMOD FORTRAN PROGRAM LISTING D-37
ii
Astronuclear
^y Laboratory
FIGURE
LIST OF ILLUSTRATIONS
CROSS SECTIONAL VIEW OF A "UNIT" COUPLE
PAGE
D- 3
TABLE
1
LIST OF TABLES
TEMOD INPUT FIXED POINT CONTROL PARAMETER
DEFINITIONS
TEMOD INPUT FLOATING POINT CONTROL
PARAMETER DEFINITIONS
PAGE
D- 7
D-15
in
Astronuclear
^y Laboratory
WANL-TME-1906A
NASA CR-121225
AN UPDATE OF INPUT INSTRUCTIONS TO TEMOD
I. INTRODUCTION
The theory and operation of a Fortran IV computer code, designated as TEMOD*,
used to calculate tubular thermoelectric generator performance is described in WANL-TME-
1906. The original version of TEMOD was developed under AEC Contract AT(29-2)-2638
in 1969. This report which is written as Appendix Dof WANL-TME-1906, describes additions
to the mathematical model and an update of the input instructions to the code which have been
developed under AEC Subcontract N854-0051, in the period 1969 - 1973.
Although the basic mathematical model described in WANL-TME-1906 has remained
unchanged, a substantial number of input/output options have been added to allow completion
of module performance parametrics as required in support of the Compact Thermoelectric
Converter System Technology Program conducted at Westinghouse Astronuclear Laboratory.
The report, then, basically replaces Section IV of WANL-TME-1906 entitled "Input to the
TEMOD Code."
Section V of this report contains a Fortran listing of the code.
* C. M. Rose, "A Numerical Model for Tubular Thermoelectric Generator Performance
Analysis", WANL-TME-1906, April 1969.
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II. BASIC DESCRIPTION OF CODE SETUP
The TEMOD code consists of a main program, referred to as TEMOD, seven sub-
routines and three function subprograms. Although a complete Fortran listing of the code
is given in Section V of this report, a brief discussion of the code sections is given below:
A. MAIN PROGRAM; TEMOD
Contains read statements for input quantities. Lists input parameters and module
dimensions unless list is suppressed by input control parameter N2(5). Also directs flow
of logic between each of the individual subroutines and subprograms.
B. BLOCK DATA SUBPROGRAM
Contains compiled tables of all applicable material properties. Selections of
thermoelectric material combinations, clad and conductor ring materials can be made
by specification of control parameters at input.
C. PHONY SUBROUTINE
Assigns thermoelectric, clad and conductor ring properties as specified by input
control parameters. Also adjusts thermoelectric material properties by percentages specified
during input. Outputs all material properties used in each calculation unless output is
suppressed by input control parameter NZ(5).
D. SUBROUTINE COUPLE
Performs heat balance/radial temperature profile/electrical output calculations
for each thermoelectric couple. The mathematical model used for these calculations is
discussed in WANL-TME-1906. A cross sectional view of a unit couple is shown in Figure 1,
E. SUBROUTINE OPTIM
Performs temperature, dimensional and load resistance incrementations specified.
Also contains output statements which are restricted to one line of parameters for each
set of conditions.
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F. SUBROUTINE PUMP
Performs dimensional incrementations specified for pump module parametric
calculations in which electrical power and required load voltage have been set.
G. SUBROUTINE LIFE
Performs performance as a function of time calculations in which operating condi-
tions and degradation rates are specified.
H. SUBROUTINE RITE
Combines the results of the individual couple calculations to determine module
performance for any specified number of couples (see NZ(10) below) operating in thermal
parallel and electrical series. Also contains write statements to list results of module and
individual couple calculations.
I. FUNCTION SUBPROGRAM SI
Performs all interpolation or extrapolation calculations. Primarily used to evaluate
material properties which are contained in the program as temperature table values.
J. FUNCTION SUBPROGRAM DK2FK
Performs all temperature unit conversions. Performance calculations are done
in Kelvin units, but input/output may be specified in either Fahrenheit or Kelvin units
(see NZ(8)).
K. FUNCTION SUBPROGRAM WATE
Calculates module weight based on input module dimensions. Weight calculations
will include contribution of end closures if appropriate entry is made in Z(61).
D-4
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III. INPUT TO THE TEMOD CODE
A. GENERAL
There are four categories of Input data required to operate the TEMOD code,,
The formats used to read these parameters have not been modified from the description
given in WANL-TME-1906. The basic categories of input data are: (1) bulk material
properties, (2) fixed point (integer) control constants; (3) floating point data, and (4) oper-
ating temperatures.
B. BULK MATERIALS PROPERTIES
Bulk materials properties include thermal conductivities and densities of all
materials in the generator, Seebeck coefficients of all thermoelectric materials, and
electrical resistivities of all materials in the electrical circuit. These properties with
the exception of densities, are introduced as tables with the property evaluated at 50 K
increments from 300°K up to 1000°K (15 values).
A listing of the material property subroutine, DATAIN, is given in Appendix A
along with the complete program listing. Properties for six types of thermoelectric materials
(TEGS-3N, TEGS-2N or GE-nl, TEGS-3P, TEGS-2P, ternary n-type, and ternary p-type)
have been built into the code and calculations can be made using any combination of
these materials by proper selection of the control constant, discussed below. In addition
properties are entered for three types of cladding materials (stainless steel, inconel and
tantalum) and three types of conductor ring materials (iron, tungsten, and molybdenum)
are also entered and can be selected by an input control constant.
The sixteenth entry in the thermal conductivity table for each material in the
DATAIN subroutine listed in Appendix A is the density of the material (in pounds per cubic
inch). These densities are used in weight calculations.
Also note that Seebeck coefficients for all thermoelectrical materials are entered
using absolute values. The negative Seebeck coefficients of n-type materials is handled
internally by the program logic.
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C. FIXED POINT CONTROL CONSTANTS
All fixed point data is read into a list called NZ. The list is dimensioned 50
although not all of the 50 locations are used. This list below gives the instructions that
correspond to each location in the NZ array. The method of entering numbers into this
array is unchanged from the procedures specified in WANL-TME-1906.
Table I lists fixed point control parameter definitions for each entry in the NZ
array. As shown in the table, tfie first four entries in the NZ array refer to thermoelectric
materials which must be specified for the inner and outer radial segments of both the n-
and p-legs of the thermoelectric couples. A schematic of a "unit couple" is shown in
Figure 1. This option allows performance calculations for modules incorporating radially
segmented thermoelectric washers. By specifying the same thermoelectric material to
the inner and outer segment of either leg, results will correspond to modules in which
no radial segmenting has been incorporated.
As discussed above, property tables for six types of thermoelectric materials have
been built info the code. By specifying an input control constant ranging from one to six,
the material property tables for any of the six types of thermoelectric materials can be
used in either radial segment of either leg.
All entries designated by an asterisk in Table 1 refer to parameters which are
zeroed at the beginning of each calculational case to avoid potentially expensive (in
terms of computer time) errors. If non-zero entries are desired in change cases for any
of these parameters, the values must be reset in each change case. All other entries in
the NZ array will maintain their previous values for all change case, unless changed by
entering new values in subsequent cases.
D-6
Astronuclear
y Laboratory
TABLE 1
TEMOD INPUT FIXED POINT CONTROL PARAMETER DEFINITIONS
N2- = J: The integer J specifies the material properties to be used
for the inner n-leg thermoelectric washer segment (See
Figure 1). The code numbers corresponding to each type
of thermoelectric material whose properties are built into
the code are as follows:
J = 1; TEGS-3N material.
J = 2; TEGS-2N material.
J = 3; TEGS-3P material.
J = 4; TEGS-2P material.
J - 5; Ternary n-type material.
J = 6; Ternary p-type material.
N2(2) = J: The integer J specifies the materials properties to be used for
the outer n-leg T/E washer segment (J defined as for N2(l)
above).
N2(3) = J: The integer J specifies the materials properties to be used for
the inner p-leg T/E washer segment (J defined as above).
N2(4) = J: The intejer J specifies the materials properties to be used for
the outer p-leg T/E washer segment of the P-leg (J defined as
above).
N2(5) = IRITE: Output control parameter. Standard output format used
except if:
IRITE = I; N2 and 2 array output suppressed.
IRITE = 2; Radial temperature profile and temperature drop
which are standard output for non-parametric calculations,
are suppressed.
D-7
N2(6) = NCLDH:
N2(7) = NCLDC:
N2(8) = KFTEMP:
N2(9) = IZ9:
NZ(10) = NC:
NZ(ll) = NGT1
TABLE 1 (Confirmed)
IRITE = 3; N2 and 2 array; Radial remperature output
suppressed.
IRITE = 4; Output restricted to one page of input temperatures
and calculated parameters per case*
Parameter specifying inner clad material.
NCLDH = 1; Stainless Steel 316 properties used,
NCLDH = 2 or 0; Inconel 718 properties used,
NCLDH = 3; Ta-10W properties used.
Parameter specifying outer clad material.
NCLDC = 1 or 0; Stainless Steel 316 properties used.
NCLDC = 2; Inconel 718 properties used.
Parameter used to specify input and output temperature units.
KFTEMP = 0; Temperatures specified and listed in °K.
KFTEMP/ 0; Temperatures specified and listed in F.
Dimension input control parameter.
IZ9 = 0; Module outer radius to be specified in 2(9) - See
Table 2.
IZ9 / 0; Radial thickness of outer T/E washer segment
(r, - r,-, in Figure 1) to be specified in 2(9) - See Table 2.
Number of axial sections (complete unit couples as shown
in Rgure 1) in the module (300 maximum). NC = 1 for
all parametric studies in which module performance is based
on results of a unit couple operating at average clad temper-
ature conditions.
Parameter specifying type of calculations to be done.
NGT1 = 0; Open circuit and matched load calculations for
a module in which all axial sections (see N2(10), above)
are connected in electrical series and thermal parallel.
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TABLE 1 (Continued)
NGT1 = 1; Open circuit calculations only for a module in
which all axial sections (see N2(10), above) are connected
in electrical series and thermal parallel.
NGT1 = 2; Matched or fixed load calculations only for a
module in which all axial sections (see N2(10), above) are
connected in electrical series and thermal parallel.
NGT) = 3; Open circuit calculations made for each
individual couple (axial section) with no electrical or
thermal connections between couples.
NGT1 = 4; Matched load or fixed load (see 2(19) below)
calculations made for each individual couple (axial section)
with no electrical connections between couples.
NGT1 = 5; Matched or fixed load (see 3(19) below) and
open circuit calculations made for each individual couple
as in NGT1 = 3 and NGT1 = 4 above.
NGT1 = 6; Optimum load calculations (for maximum
efficiency) made for each individual couple (axial section)
with no electrical or thermal connections between couples.
NGT1 = 7, Optimum load and matched load calculations
made for each individual couple as in NGT1 - 6 and
NGT1 = 4 above.
N2(12) = PCMULT: Number of couples in the module for which individual couple
calculations have been specified (NZ(ll) > 3, above).
Module performance is determined by multiplying appropriate
parameters calculated for individual couples by PCMULT.
D-9
NZ(13) = INT:
NZ(14) = INTTC:
NS(15) = ICRH:
TABLE 1 (Continued)
Results are strictly valid only for modules operating with
uniform hot and cold clad temperatures.
Method by which hot and cold clad temperatures are to be
read as input.
INT =• 0; Input hot and cold clad temperature pairs for each
of the NC axial sections (see N2(10) above).
INT = 1; Axial hot and cold clad temperature profiles
specified in previous case are used (for use in parametric
studies).
INT > 1; Input INT hot and cold clad thermocouple readings
and interpolation will be performed based on axial locations
(see N2(14)) to determine hot and cold clad temperatures
at the midpoints of each of the axial sections. This option
can be used only if N2(ll)<(3.
Parameter specifying method of reading axial locations of
thermocouples (used only if N2(13)>1).
INTTC = 0 Input INT see (NZ(13)) hot and cold clad
thermocouple readings. Individual thermocouples assumed
to be uniformly spaced along circuit length of module with
the first and last couples located at either end of the circuit.
INTTC f 0 Input an axial distance corresponding to each
thermocouple pair. Axial distances to be entered as specified
in Section E below.
Parameter specifying inner conductor ring material.
ICRH = 1 Iron properties used.
ICRH = 2; Tungsten properties used.
ICRH f 1 and ^  2: Molybdenum properties used.
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N2(33) = IPUN:
N2-(34) = IPDWT:
N2(35) = ITHQ:
N2(36) = ITCR:
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TABLE I (Continued)
Parameter specifying punched output in perturbation
calculations.
IPUN = 0; No punched output.
IPUN = 1; A card of output parameters punched for each
calculational case. Parameters listed are: Inner and outer
diameters, average inner and outer clad temperatures,
circuit length, load voltage, internal resistance, overall
efficiency and power output in a IX, 2F7.3, 2F7.1, 5E10.3
format.
Parameter specifying power density or weight calculation
output in perturbation routine calculations.
IPDWT = 0; Power density (watt/cc) calculations printed.
IPDWT / 0; Weight calculations printed.
Parameter specifying operating conditions for life test
calculations (See Section IV).
ITHQ = 0 or 1; Fixed inner (hot) clad temperature.
ITHQ = 2; Fixed or decaying heat input.
Parameter specifying heat rejection conditions for life test
calculations (See Section IV).
ITCR = 0 or 1; Fixed outer (cold) clad temperature.
ITCR = 2; Fixed radiator.
D-ll
NZ(16) = ICRC
NZ(17)
NZ(18) = IPIN:
NZ(19), NZ(20), NZ(21)
N2(22)* = NODUMP:
N2(23) = MAXIND:
TABLE 1 (Continued)
Parameter specifying outer conductor ring material.
ICRC = 1 Iron properties used.
ICRC = 2; Tungsten properties used.
ICRC f 1 and/ 2; Molybdenum properties used.
Not used.
Parameter specifying material used for power lead pins (pins
extending through retainer rings at each end of module, to
which load circuit is connected).
IPIN = 1; Iron properties used.
IPIN = 2; Tungsten properties used.
IPIN = 3; Molybdenum properties used.
IPIN = 4orO; Nickel properties used.
Not used.
Control parameter used to request intermediate calculated
parameters as output.
NODUMP = 0; No intermediate information printed out.
NODUMP = 1; A page of intermediate parameters (inter-
face resistances, Joule heat, etc.) printed out after each pass
through subroutine couple.
NODUMP = 2; Intermediate parameters are printed out
after the final pass through subroutine couple for each axial
section.
If module current closure is not obtained after MAXIND
iterations, calculation will be terminated. If zero is entered,
MAXIND is set equal to 10.
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NZ(24) = MAXTEM:
N2(25)* = NPUMP:
N2(26)* = NPERT:
N2(27) = NR50PT
N2(28), N2(29), NZ(30)
NZ(31)* = NOPTIM
NZ(32) = DRINCR
TABLE 1 (Continued)
If the criterion for temperature closure is not met for any
couple after MAXTEM iterations, calculations will be
terminated for this case and a dump of selected parameters
will be given. If zero is entered, MAXTEM is set equal to 10.
Parameter used to specifx pump module parametric calculations
(See section IV).
Increment on number of couples to be used in parametric
calculations (See Section IV).
Parameter used to allow direct calculation of optimum T/E
washer segmenting radius (r,. in Figure 1) in parametric
calculations.
Not used.
Parameter used to specify temperature, load resistance, or
geometry parametric calculations. (See Section IV).
NOPTIM = 0 Perturbation subroutine (OPTIM) not entered.
NOPTIM = 1 Standard value for perturbation calculations.
One line of output listed for each set of temperatures, load
resistance and dimensions.
NOPTIM = 2 Used for T/E washer segmenting radius
perturbations. Output listed only for optimum valve of r_.
NOPTIM = 3 Temperature derivative option (See Section IV).
Parameter specifying T/E washer segmenting radius pertur-
bations. DRINCR corresponds to the increment to be applied
to the inner segment thickness (in percent of the total
specified T/E washer thickness).
D-13
D. FLOATING POINT INPUT PARAMETERS
All floating point input, except for axial temperatures, are read into a list
labeled Z. Table 2 lists the parameter to be read into each location and the method
of entering data into this array is given in the section entitled DATA CARDS. The radii
(r's) and axial dimensions referred to in the table are shown in Figure 1.
All dimensions are in inches, resistances are in ohms and temperatures are in
K or F depending on the value entered in NZ(8). Any exceptions are specified in
Table 2.
All entries designated by an asterisk in Table 2 refer to parameters which are
zeroed at the beginning of each calculational case to avoid potentially expensive (in
terms of computer time) errors. If non-zero entries are desired in change cases for any
of these parameters, the values must be reset in each change case. All other entries
in the Z array will maintain their previous values for all change case, unless changed
by entering new values in subsequent cases.
D-14
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TABLE 2
TEMOD INPUT FLOATING POINT CONTROL PARAMETER DEFINITIONS
20)
2(2)
2(3)
2(4)
2(5)
2(6)
2(7)
2(8)
2(9)
2(10)
2(11)
2(12)
= R(D
= DR(1)
= DR(2)
= DR(3)
= DR(4)
= DR(6)
= DR(7)
= DR(8)
= R(9)
= DR(5)
= ZLI
= ZLN
= ZLP
Inside radius (r.) - inches.
Radial thickness of inner clad (r? - r,). See also 2(24).
Radial thickness of inner insulating sleeve (r- - r,,).
Radial thickness of inner conductor ring (r . - r~).
Radial thickness of inner T/E segment (r_ - rj.
Radial thickness of outer conductor ring (ry - r .).
Radial thickness of outer insulating sleeve (r0 - r7).o /
Radial thickness of outer clad (r0 - r_). See also 2(25).
x O
Outside radius ry if NZ(9) = 0.
Radial thickness of outer T/E segment, (r. - r,), if NZ(9) f 0
6 D
Axial length of insulating rings.
Axial length of n-leg, T/E washer.
Axial length of p-leg T/E washer. If zero is entered in this
location/ the axial length of the p-leg is calculated to
optimize efficiency. See also 2(29).
2(13) = HH Thermal contact coefficients of hot insulating sleeves
interfaces (Typically zero).
2(14) = HC Thermal contact coefficients of cold insulating sleeves
interfaces (Typically zero).
2(15) = TOLTEM: Tolerance to which temperatures must agree from one
temperature iteration to the next to meet convergence
requirement (TOLTEM = .001 if zero is entered) - See
D-15
= TOLCUR:
2(17) = TPIN:
2(18) = RPIN:
2(19)* = RLOAD:
2(20) = RECONC:
2(21) = RECONH:
2(22)
2(23)
= ZKEND:
= RRREF:
TABLE 2 (Continued)
Equation 41 of WANL-TME-1906.
Tolerance to which current must agree from one current
iteration to the next to meet convergence requirement.
(TOLCUR = .001 if zero is entered) - See Equation 45
of WANL-TME-1906.
Temperature at which electrical resistance of power lead
pins (2(18)) has been evaluated. TPIN = 700°K (800°F)
if 2(18) = 0.
Electrical resistance of power lead pins connecting T/E
circuit to external power leads.
Load resistance. RLOAD = Internal generator resistance,
i.e., matched load, if zero is entered and load calculations
are specified.
Contact resistivity coefficient of cold iron connector interfaces
(See KIN|T in Equation 1 of WANL-TME-1906). Typically
RECONC = 0.
Contact resistivity coefficient of hot iron connector interfaces
(See K||S|T in Equation 1 of WANL-TME-1906). Typically
RECONH = 0.
Overall conductance of both module end closures (watts/ K
if NZ(8) = 0; watts/°F if NZ(8) ? 0).
Inner-to-outer clad radius ratio (r9/r.) at which end
closure conductance, ZKEND, is evaluated. RRREF is used
to scale 2KEND in parametric analyses in which radial
dimensions are varied.
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2(24) = CID:
2(25) = COD:
2(26) = ZNPERT:
2(28)*
2(29)
2(30)
2(31)
2(32)
2(33)
2(34)
= QREQ:
= 2LNLP
= PEREQ:
= VREQ:
= ZLREQ:
= THING:
= TCINC:
TABLE 2 (Continued)
Ratio of inner clad thickness to module inner diameter.
This parameter is used for parametric analyses in which the
I.D. is being varied and is used to calculate DR(1) for each
case. 2(2) must be set equal to zero.
Ratio of outer clad thickness at module outer diameter. This
parameter is used for parametric analyses in which the module
O.D. is being varied and is used to calculate DR(8) for each
case. 2(8) must be set equal to zero.
Increment for the n-leg axial thickness, 2LN, in parametric
calculations (See Section IV).
minimum n-ieg axial thickness, 2LN, in parametric calcula-
tions (See Section IV).
Required module heat input rate (watts) in parametric
calculations in which total heat input is specified.
Specified 2LN/2LP ratio, used only if 2(12), 2LP, is
set equal to zero.
Specified power output for parametric calculations (See
Section IV).
Specified module load voltage for parametric calculations.
Specified total module length for parametric calculations.
(2(32) = 0 if couple axial dimensions are specified).
Increment for T,, in temperature perturbation calculations.
n
Increment for T- in temperature perturbation calculations.
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2(35)
2(36)
2(37)
2(38)
2(39)
2(40)
2(41)
2(42)
2(43)
= THMAX:
= TCMAX:
= DTMIN:
= DRMIN:
= RUNG:
= R0INC:
= R1MAX:
= R9MAX:
= PWRDEN:
2(44)* = QINPC:
TABLE 2 (Continued)
Maximum T.. to be used in temperature perturbations.
Maximum T_ to be used in temperature perturbations.
Minimum radial temperature drop (T.. - T_) for which
calculations are to be performed.
Minimum T/E washer radial thickness for which calculations
are to be performed.
Increment for module inner radius.
If N2(9) = 0, ROINC is the perturbation increment
applied to the module outer radius, rp.
If N2(9) / 0, ROINC is the perturbation increment applied
to the outer T/E washer radial thickness, AR
Maximum module inner radius, r,, for which calculations
are to be performed.
If N2(9) = 0, R9MAX is the maximum module outer radius,
TQ, for which calculations are to be performed.
If N2(9) / 0, R9MAX is the maximum outer T/E washer
radial thickness, AR , for which calculations are to be per-
formed.
Fuel specific power density (watts/cc). Fuel is assumed to
fill volume enclosed by the I.D. of the module inner clad.
Tu will be calculated for cases in which PWRDEN > 0.n
Specified heat input rate (watts) for each couple. T., will
be calculated for cases in which QINPC > 0.
D-18
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2(45) = QGAM:
2(46) = RLPERT:
2(47)* = RLMAX:
2(48), 2(49)
2(50)* = 2LIBRH
2(51)* = 2LIBRC
2(52), 2(55)
2(56) = HRINC:
2(57) = HRMAX:
2(58) = HFLF:
2(59) = TREJ:
2(60)
TABLE 2 (Continued)
Amount of gamma heat generated within the lead telluride
of each couple in an internally fueled gamma emitting isotope
configuration. This parameter must be determined by an
independent gamma heat shielding analysis.
Increment for load resistance (2(19) applied in perturbation
subroutine. No perturbation performed if RLPERT = 0.
Maximum load resistance for which calculations are to be
performed in load resistance perturbation subroutine.
Not used.
Axial thickness of the tungsten foil diffusion barriers incorpor-
ated in the insulating washers in annulus D of Figure 1.
Axial thickness of the tungsten foil diffusion barriers incorpor-
ated in the insulating washers in annulus E of Figure 1.
Not used.
Increment (hours) to be used in time increment calculations
(See Section IV).
Maximum time (hours) to be used in time increment calculations.
Half life (years) of isotope fuel in time increment calculations.
Ambient heat rejection temperature to be used in time
increment calculations performed for fixed radiator configur-
ation (See Section IV).
Not used.
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TABLE 2 (Continued)
2(61) = WTCON: Ratio of module end closure weight to cross sectional area
2
of module (pounds per in ).
2(62), 2(70) Not used.
2(70 + J)** Percent increase desired in Seebeck coefficient of Jth
thermoelectric material where J = 1 to 6 (See N2(l)).
2(80 + J)** Percent increase desired in resistivity of the Jth thermoelectric
material where J = 1 to 6 (See N2(l)).
2(90 = J)** Percent increase desired in thermal conductivity of the Jth
thermoelectric material where J = 1 to 6 (See N2(l)).
** These entries refer to percent increase per 1000 hours in life test calculations to
account for module degradation as a function of time as discussed in Section IV
of this report.
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E. DATA CARDS, ORDER AND FORMATS
1. Comment Card
The first data card read into the program is a comment card. This comment
should identify the case being run and will print out at the top of each page of output.
The card is read using a 18A4 format so that the comment is restricted to a maximum of
72 spaces and should be centered in the 72 space field on the data card.
2. Fixed Point Data for NZ Array
Immediately after the comment caraV fixed point data are read. A maximum
of eleven (11) entries in the NZ (fixed point data)list may be made on one card. The
format used in reading fixed point data is FORMAT (312, 11 (3X, 13)).
The first two digit integer refers to the number of pieces of data given
on the card. This must be a number form 0 to 11. Any entry other than zero in card columns
3-4 indicates that no more fixed point data will follow the card being processed. The
two digit integer in card columns 5-6 indicates the NZ subscript of the first piece of
data on the card being processed. The remaining input data centered on each card are
entered sequentially into the NZ array.
3. Floating Point Data for Z Array
After processing a fixed point data card with an entry in card columns 3-4,
the floating point data are read. A maximum of six (6) entries in the Z list (floating
point data) may be made on one card. The format used to read this data is: FORMAT
(312, 6F12.6). The first two digit integer refers to the number of pieces of data given
on the card. This must be a number from 0 to 6. Any entry other than zero in card columns
3-4 indicates that no more floating point data is to be entered into the Z list after the
present card is processed. The two digit integer in card columns 5-6 indicates the Z
subscript of the first piece of data on the card being processed. The remaining data on
the card are entered sequentially into the Z array.
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4. Temperature Data
The method used to input clad temperature data is determined by the control
variable entered in NZ(13). All temperatures must be entered in Kelvin units. Three
options are available for specifying temperature data.
a. NZ(13) = 0. If NZ(13) has been set equal toO, hot and cold clad tempera-
ture pairs for each axial section must appear immediately after the first
floating point data card with a non-zero entry in card columns 3 -4 .
The number of temperature pairs to be read is the number previously
entered in NZ(10).
Six temperatures pairs are read per card using a 12F6.5 Format. The
first temperature of each pair must be the hot clad temperature. In the
event that a zero is encountered in any of this temperature input data,
an error message is printed and all calculations for the case are suppressed.
Hence it is possible to make an input error for one case without affecting
the following cases.
b. NZ(13) =1. In the event that the effects of geometry variations are
being investigated (as in parametric studies), it is often desired to run
many cases using the same clad temperatures. If the number entered
in NZ(13) is 1, no further data cards are read after the final card
entering data in the Z array. The code uses the temperature data entered
in the previous case.
c. NZ(13) > 1. This option is used to calculate the performance of a module
for which experimental clad temperature measurements have been made
at various locations along each clad. If NZ(13) has been assigned greater
than 1, the computer will interpolate on input hot and cold clad thermo-
couple readings to determine the hot and cold clad temperatures of each
axial section. The number entered in NZ(13) corresponds to the number
of hot and cold clad thermocouple pairs (not to be confused with the
number of thermoelectric couples in the module) to be read.
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In order to perform the interpolation, of course, it is necessary to specify
the axial location of each of the thermocouples. These locations are
specified as the distance (in inches) from the leading edge of the first
axial section of the module.
Since standard thermocouple instrumentation is used for most modules
tested in the Compact Thermoelectric Converter program, the axial
locations of these standard thermocouples are built into the code. By
assigning NZ(14) = 0, the thermocouples are assumed to be uniformly
spaced along the circuit length of the module with the first and last
couples located at either end of the circuit. In this case, the first card
(or set of cards) after the Z array data cards must contain the hot clad
temperature data. The next card (or set of cards) must contain the cold
clad temperature data. All of these cards use a 12F6.5 Format.
To specify externally the thermocouple locations, the number of thermo-
couple pairs must be the number entered in NZ (13). If NZ(14) has
been assigned any value other than zero (and if NZ(13) has been assigned
a number greater than 1) the computer will begin to read axial locations
for each thermocouple pair immediately after reading the last floating
point data card.
After reading the thermocouple locations, the computer will read INT
(the number entered in NZ(13)) hot clad thermocouple temperatures and
the INT cold clad temperatures- Each of the three lists begins on a new
data card and each card uses a 12F6.5 Format.
A zero entry in either the hot or cold clad thermocouple data is used to
indicate the absence of a thermocouple reading at a particular location.
When performing the interpolation to determine the temperature at the
mid-point of each axial section, all zero entries in the temperature lists
are ignored.
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5. Multiple Case Runs
Multiple runs can be made using TEMOD by simply stacking sets of input
data. After reading all the input data for a given case, the calculations are performed
and the output listed. The computer returns to input to search for another comment card.
If none exists, calculations are terminated.
. With the exceptions noted in Sections C and D above, entries in the Z array,
NZ array and axial temperature profiles are not zeroed from one case to the next. Hence,
it is normally not necessary to reread any data which has not changed from one case to
the next. Only the parameters which are changed from the previous case need be read
in.
Care must be taken, however, to include a comment card, at least one
card with fixed point data and one with floating point data for each case. If, for example,
no floating point parameters change from one case to the next, a dummy card with only
an entry in card column 4 must be included in the data cards in place of the floating point
data card.
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IV. PARAMETRIC CALCULATIONS
A. GENERAL
The TEMOD code has been written to allow various type of parametric calculations
to be performed. Incrementation of parameters (i.e. operating temperatures, load resistances
and component geometries) is done automatically by the code eliminating the need for
voluminous input data decks. In addition, the output for these types of calculations is
restricted to one line per case. Provisions have been made to allow specifications of
module operating parameters such as electrical power, voltage, and/or heat input to
meet required module design operating conditions. These conditions are met internally
using program logic to calculate the required number of thermoelectric couples and/or
module circuit length.
In each case, the calculations are made on a unit couple (see Figure 1). Thus,
in each-parametric calculation case, the control parameter NZ(10) should be set equal
to 1 and one set of temperature pairs should be entered.
The control parameters, geometry and operating temperatures for the first
case of each parametric calculation must be set in accordance with instructions given in
Section III of this report. The pertinent control parameters which must also be set for
each type of parametric calculation is discussed below.
B. TEMPERATURE PARAMETRIC WITH SPECIFIED GEOMETRY
This option is normally used to determined performance of a.specific type of
module operating over a wide range of average hot and cold clad temperatures. In addition
to the control parameters required to specify the module component materials and dimensions*
the following entries are required to perform this type of parametric:
1. SetNZ(31) = l.
2. SetZ(31) = Z(32) = 0.
3. Set Z(33) through Z(36) equal to the appropriate values as listed in Table 2.
4. Set the initial temperature pair at the lowest hot and cold clad levels of
interest in the parametric.
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C. LOAD RESISTANCE PARAMETRIC WITH SPECIFIED MODULE
This load is used to calculate load curve characteristics of a specific type of
module at a specific set of operating temperatures. The results, of course, will show that
the power output will approach zero as the load resistance approaches either limit (zero
or infinity) and that maximum power occurs at the point where the load resistance very
nearly equals the generator resistance, i.e. matched load. (For calculations performed
at fixed hot and cold junction temperatures, maximum power would occur precisely at
matched load. However since the module performance calculations are made at fixed
clad temperatures and since the junction temperatures do vary as the load resistance varies,
the maximum power point does not occur precisely at matched load. Since the deviation
between matched load power and maximum power is extremely small, no distinction is
made between the two and an option has been built into the code to allow a direct
determination of the matched load performance eliminating the need for running a load
parametric.)
The load parametric calculations will also indicate that the load resistance
at which module efficiency is optimized (defined as "optimum load") is approximately
20 to 30 percent higher than the module internal resistance. An option has also been
built into the code to allow a direct determination of optimum load performance without
running a load parametric.
Load resistance parametrics may be specified over a narrow or a wide range
of resistance values. A parametric with a step size and increment range resulting in
more than 200 separate cases is considered a wide range parametric. In the wide range
calculations, the increment size is increased by a factor of ten after every ten calcula-
tions. This allows the parametric to cover an extremely wide range of resistance with
only ten calculations for each order of magnitude.
In addition to the control parameters and input data required to specify the
module component materials and dimensions, the following entries are required to perform
the two types of load resistance parametrics:
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1. Narrow range parametric:
a. Set NZ(31) = 1
b. Set 2(19) equal to the initial (lowest) load resistance level.
c. Set Z(46) and Z(47) equal to the appropriate values.
2. Wide range parametric: set all parameters as described in (1) above except
Z(46) = 0.
D. TEMPERATURE PARAMETRIC WITH SPECIFIED VOLTAGE AND CIRCUIT LENGTH
This option allows parametric calculations to be performed to determine optimum
module dimension for applications in which a load voltage and total circuit length has
been prescribed. For these calculations/ the number of thermoelectric couples required
to meet the voltage specification at either matched or optimum load conditions is determined
internally for each set of operating temperatures.
In addition to the control parameters and input data required to specify the module
component material and dimensions/ the following entries are required to perform this type
of parametric:
1. Set NZ(11) = 4 or 6 (matched or optimum load calculations).
2. SetNZ(31) = l
3. Set Z(12) = 0. to allow p-leg axial thickness to be optimized with respect
to n-leg thickness for each set of operating temperatures.
4. Set Z(19) = 0. (A specification of load resistance/ length, and voltage
amounts to an overspecification of the module performance).
5. Set Z(3I) through Z(36) equal to the appropriate values as listed in Table 2.
E. PARAMETRIC ON NUMBER OF COUPLES WITH SPECIFIED LOAD VOLTAGE
AND CIRCUIT LENGTH
This type of parametric is very similar to D above/ except the load voltage
specification is met in each case by setting the load resistance equal to the appropriate
value. This, of course/ is done internally for each case by the program. This option is
intended for use in applications where operating temperatures have been established by
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system operating constraints, hence/ temperature parametrics should not be attempted.
1. Set NZ(12) = 1 (the minimum number of couples required to achieve the
specified lead voltage is determined by program logic).
2. Set NZ(26) = 1 (the normal desired increment on the number of couples).
3. SetNZ(31) = l.
4. Set Z(12) = 0. To allow p-leg axial thickness to be optimized with respect
to n-leg thickness for each case.
5. Set Z(27) equal to the minimum n-leg thickness to be considered (this
corresponds to a specification of the maximum number of couples and
determines when the parametric calculations will be terminated). Z(27) =
.020 inch if no value is input.
6. Set Z(31) and Z(32) equal to the appropriate values as specified in Table 2.
7. Set Z(33) through Z(36) equal to zero.
F. PARAMETRIC ON N-LEG/P-LEG AXIAL THICKNESS RATIO WITH SPECIFIED
CIRCUIT LENGTH
The code has been written to allow a direct determination of the optimum n-leg/
p-leg axial thickness ratio. This option, however, allows a determination of the effects of
varying this ratio on module performance.
In addition to the control parameters and input data required to specify the
module component materials and initial case dimensions, the following entries are required
to perform this type of parametric:
1. Set NZ(12) equal to the number of couples in the module.
2. Set NZ(26) equal to the number of washer thickness perturbations required.
3. SetNZ(31)=l.
4. Set Z(ll) and Z(12) equal to the initial n- and p-leg washer axial thicknesses
5. Set Z(25) equal to the length by which the n-leg washer thickness is to
be increased and the p-leg washer thickness decreased in each perturbation.
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G. PARAMETRIC ON NUMBER OF COUPLES WITH SPECIFIED LOAD VOLTAGE
HEAT INPUT OR POWER OUTPUT
In many module applications, system constraints govern the module voltage and
heat input or power output requirements. For a given set of operating temperatures,
the optimum module meeting these requirements can be determined using a parametric
routine built into the code. In this routine, the number of couples in the module is
increased from the minimum number required to produce an open circuit voltage greater
than the required voltage to a maximum number which is determined primarily by
fabrication limits (minimum thermoelectric washer thickness). The total thermoelectric
circuit length is dictated, primarily, by the heat input or power output specification.
In addition to the control parameters and input data required to specify the
module component materials and initial case dimensions, the following entries are required
to perform this type of parametric:
1. Set NZ(12) = 1 (the minimum number of couples required to achieve the
specified load voltage is determined by program logic).
2. Set NZ(26) = 1 (the normal desired increment on the number of couples).
3. SetNZ(31) = l.
4. Set 2(12) = 0 to allow p-leg axial thickness to be optimized with respect
to n-leg thickness for each case.
>
i Set 2(28) equal to the desired module thermal power input, or
Set 2(30) equal to the required electrical power output.
6. Set 2(31) equal to the desired load voltage.
7. Set 2(32) through Z(36) equal to zero.
H. PARAMETRIC TO DETERMINE OPTIMUM SEGMENTING RADIUS, r5
For many applications, it is desirable to use radially segmented thermoelectric
washers in either the p- or n-legs of the module. Thermoelectric materials can be doped
at different levels to provide maximum conversion efficiency in different operating
temperature ranges. Using a material doped for optimum performance at high temperatures
in the inner segment of each thermoelectric washer, and an alternate material composition
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providing optimum performance at lower temperatures in the outer segment of each thermo-
electric washers can provide efficiency improvements. Given two types of n-type and/or
two types of p-type material, then, there is an optimum radius at which the materials can
be segmented. An option has been provided to allow a determination of this optimum
segmenting radius.
Since the optimum segmenting radius is a function of the module operating tempera-
tures, this parametric option may be used in conjunction with the temperature parametric
option discussed in (B) above.
In addition to the control parameters and input data required to specify the module
component materials and initial case dimensions, the following entries are required to perform
this type of parametric:
1. Set N2(31) = 0.
2. Set N2(32) equal to the increment to be applied to the inner segment
thickness in percent of the total specified T/E washer thickness. Normally
N2(32) = 5 provides adequate calcularional resolution to determine the optimum
segment radius.
3. Set 2(5) = 0. This initializes the segmenting radius such that the radial
thickness of the inner T/E washer segment is zero.
4. Set 2(28) through 2(32) equal to zero.
5. Set 2(33) through 2(36) equal to the appropriate values listed in Table 2
to allow operating temperature perturbations.
6. Set the initial temperature pair at the lowest hot and cold clad levels of
interest in the parametric.
With this deck setup, a line of output will be listed for each segmenting radius.
The first case (or line of output) for each temperature pair will correspond to a zero thickness
outer T/E washer segment, i.e.
100(r6 - r5)
= 0 pet. (See Figure 1).
r6 "4
D-30
Astronuclear
^/Laboratory
100(r - r )
1 = 100 pet.
r, - r,6 4
The final case for each temperature pair will correspond to a zero thickness
inner T/E washer segment.
100 (r - r )
— = 100 pet.
r6 - r4
or
100(r - r)
= - = Opct.
r6 * r4
Since normally interest is restricted to the optimum segmenting radius only,
an alternate form of this parametric can be used to reduce both the amount of output and
the required computer time to perform the parametric. This option is specified in a manner
identical to that discussed above except N£(31) is set equal to 2 . With this option
incrementing of the inner washer thickness is performed until a maximum efficiency has
been obtained/ a line of calculated parameters corresponding to this optimum geometry is
printed, and the temperatures are then incremented and the procedures repeated.
I. TEMPERATURE DERIVATIVE CALCULATIONS
During the course of reduction and analysis of experimental data from modules
being tested, it has been found necessary to eliminate performance variations resulting
from minor temperature fluctuations. For each experimental data set, it is desirable to
determine analytically what the performance parameters would have been if the module
had been operated at the exact prescribed operating temperatures.
This determination can be made by determining the derivatives of the primary
performance parameters (i.e. effective Seebeck coefficient, a, internal resistance, Rg,
and thermal impedance Tl) with respect to hot and cold clad temperatures.
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A routine has been provided in the code to allow this evaluation. Calculations
are performed at 25 F increments on either side of the design hot T.., and cold T_,
rf C7
clad temperatures. The parameters
are computed and listed on the basis of these calculations. In these expressions, the effective
Seebeck coefficient is defined:
V
oc
a
 T - T
'H C'
where V is the module open circuit voltage, and the thermal impedance is defined
T -T
where Q is the total module heat input.
In addition to the control parameters and input data required to specify the module
component materials and initial case dimensions the following entries are required to
perform this type of parametric:
1. Set N2(l 1) = 4. (The calculations are typically performed under matched
load conditions except in the case of open circuit tests.)
2. SetNZ(31) = 3.
3. Set 2(28) through 2(36) = 0.
4. Set the input temperatures at the design operating levels of the module.
J. RADIAL GEOMETRY PARAMETRICS
Quite often it is desired to perform any of the parametric options discussed above
for a family of modules with varying overall radial geometries. For this reason an option
is provided in the code to allow the radial geometry incrementation to be handled internally
by the code.
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Provisions have been made to allow perturbation of the module inner radius and
module outer radius or lead telluride radial thickness. Both of these geometry incrementing
options may be used in conjunction with any of the parametric routines discussed previously.
1. Inner Radius/Outer Radius Parameters
In addition to the control parameters and input data required to specify the
module component materials and initial case dimensions/ along with the entries to perform
any of the previously discussed parametric calculations/ the following entries are required
to perform the radial geometry parametrics:
a. Set N2(9) = 0 (See Table 1).
b. Set 2(1) equal to the smallest inner radius of interest.
c. Set 2(2) = 0. Inner clad thickness should be scaled linearly with module
inner radius as specified by 2(24).
d. Set 2(8) = 0. Outer clad thickness should be scaled linearly with module
outer radius as specified by 2(25).
e. Set 2(9) equal to smallest outer radius of interest.
f. Set 2(23) through 2(25) equal to the appropriate values as specified in
Table 2.
g. Set 2(38) equal to the minimum T/E washer radial thickness for which
calculations are to be performed. This is necessary since there may be
r.., ro combinations in the range of interest corresponding to negative
or very small T/E washer thicknesses. A substantial amount of computer
time may be required to achieve temperature convergence on these cases
of little or no interest.
h. Set 2(39) through 2(42) equal to the appropriate values as specified in
Table 2.
i. Set 2(61) equal to the appropriate value as specified in Table 2.
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2. Inner Radius/Thermoelectric Washer Radial Thickness Parametrics
This opHon is very similar to (1) above except that the outer radius of the
module is controlled by the specified T/E washer thickness. All parameters should be set
as discussed in (1) above except the following:
a. Set N2(9) = l (See Table 1).
b. Set 2(9) equal to the smallest T/E washer radial thickness of interest.
c. Set 3(38) = 0.
d. Set 2(42) equal to the maximum T/E washer radial thickness of interest,
K. PUMP MODULE PARAMETRIC STUDIES
An option has been built into the TEMOD code to allow a determination optimum
dimensions for tubular modules designed to provide electrical power for electromagnetic
pumps. Since electromagnetic pumps require high current/low voltage power/ typical
pump modules have extremely low internal resistances. For this reason, inner and outer
conductor ring radial thicknesses are very critical and optimum thicknesses must be
determined parametrically.
The parametric routine included in the code requires a specification of required
current and load voltage along with operating temperatures. The radial thicknesses of
the inner and outer conductors and thermoelectric washers are each varied independently.
Axial dimensions for each case are calculated on the basis of meeting the required current
and voltage specifications.
In addition to the control parameters and input data required to specify the module
component materials and initial case dimensions, the following entries are made to perform
this type of parametric:
1. Set N2(9) = 0. (See Table 1).
2. Set N2(25) equal to the desired number of perturbations to be performed
on each conductor and T/E washer radial thickness.
3. Set 2(4), 2(5), 2(6) and 2(9) equal to the appropriate minimum values of
interest.
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4. Set 2(8) = 0. Since module outer radius will vary in parametric, outer clad
thickness should be scaled linearly with r_ as specified by 2(25).
5. Set 2(12) = 0. Program logic will determine the axial thickness of the T/E
washers required to achieve voltage and current specifications for each case.
6. Set 2(19) = 0. Although the input voltage and current specify a load resistance,
this value is calculated internally.
7. Set 2(23) and 2(25) equal to the appropriate values as specified in Table 2.
8; Set 2(30) equal to the specified power output (the product of the specified
current and voltage).
9. Set 2(3J) equal to the specified voltage.
10. Set 2(40) equal to the radial increment to be applied to the conductor rings.
The T/E washer increment is half as large as the conductor ring increment.
11. Set 2(61) equal to the appropriate value as specified in Table 2.
L. CALCULATION OF PERFORMANCE AS A FUNCTION OF TIME
During operation of thermoelectric generators various factors can produce performance
variations as a function of time. Obviously, if the operating temperatures vary, the perfor-
mance will be affected. These temperature variations can be caused by externally controlled
modification or by a decay of the fuel in the case of an RTG application. In the latter
case, the module cold clad temperature will vary as the amount of heat to be radiated
is reduced.
In addition to operating condition variations, module performance is affected by
a degradation process. The effects of this process can be simulated by modifying the thermo-
electric material properties in the appropriate manner. In lead telluride generators these
effects are simulated in increasing the resistivity of the n-type thermoelectric material
to compensate for the diffusion of tellurium into the material. The rate at which the resisti-
vity increases is a function of operating temperatures and washer axial thickness, and must
be given as input to the calculations. Provisions are also included for modifying any of the
other themoelectric properties in a similar manner.
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In addition to the control parameters and input data required to specify the module
component materials and dimensions/ the following entries are required to perform this
type of calculation;
1. Set N2(35) equal to the appropriate value discussed in Table 1 to specify
either constant T,, or heat input conditions.
2. Set N2(36) equal to the appropriate value discussed in Table 1 to specify
either constant T_ or fixed radiator calculations.
3. Set 2(19) if fixed load resistance calculations are required (2(19) = 0 for
matched load).
4. Set 2(31) if fixed load voltage calculations are required.
5. Set 2(56) equal to the desired time increment (in hours).
6. Set 2(57) equal to the maximum time (hours).
7. Set 2(58) equal to the isotope half life (in years) if heat decay calculations
a re desired.
8. Set 2(59) equal to the heat sink temperature if fixed radiator calculations
are desired.
9. Set 2(71) through 2(100) equal to the appropriate T/E material property
rate of change as specified in Table 2. Rates of change to specified as
percent change per 1000 hours.
10. Set temperatures at the beginning-of-life levels.
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V. TEMOD FORTRAN PROGRAM LISTING
PROGRAM TEMOD (INPUT,OUTPUT,PUNCH*TAPE 5slNPUT,TAPE 6-QUTPUT,
1 TAPE 7»PUNCH)
TEMOD , CHARLES ROSE ...BLDG. 2
DIMENSION NZ(50J,Z(100),XTHERM(30),THERMc(30),THERMH(30)»HD(b,8),
1 HDU8),HD2(8),HD3(lb,2),ASTARl(2),ZOPMAX(5), ZOPT(5),ZOPT1(5),
2 CKFl(2)fCKF2(2J»TMKF(2)
COMMON /TITLE/FETM(3),CASCAD(8,2)fSSIN(3),CMT(25),CONDf3,5),TEMKF,
1 CRMO(2,2),I3N,I2N,I3P,I2PCOMMON /MQLIF/HRS,HRINC»HRMAX,HFLF,RADPCT,ITCR,ITHQCOMMON/TERIT/DTAV,OHM,QCV,RLOAD,QMOD,TCAV
COMMON /MDCPOP/RAO(9),DR(8),TEMP(9,300)»VOC(300),RPC(300)»PE(300),
1 QT(300)rNOPTIM»VPC(300),RLPC(300)»DTMOD(300),CUR(300),LNRAD(9)»
2 ZLP,ZLN,ZLIfZLNLP»ZLPNl,ZLTEfNGTlrNGT2»ITPERT,PCMULT,NOOUMP,IVU,
3 QGEN,QGENL,QTE»QOUT,ZID,ZOD,ZKEND»ZK9,ZKR,RPPCrRPN,TOLTEM,TREJ»4 VREQ,PEREQ,ZL«EQ,WTCON,ZLPN»IOUMZfRN,DGRF,OGTRF,DGLRF,RADK,JDUMP,
5 DP(30),NC
COMMON /MODCPL/CURMOD(15),IT(300),DTTE,CONRN,CONRP,ZL1P»ZNC.1 ALR64,MAXTEM»QGAM,CGAM,INDI»RINT4,RINT6,RCON4,RCON6,C1FEH,C1FEC,
2 CONSTl,CONST2,CONST3rCONST4,CONST5,NR50pT,SEGTErICRMDL»RADC
COMMON/TEFO/NCLDC,NCLDH,ICRH,ICRC»IPIN,ZLIBRH,ZLIBRC,TPIN»RPIN
COMMON /MOOOPT/IPDWT, OR4,DRlNcR*IRITE»DRTE»JOPTIM,IZ9,IENDK,IPUN»
1 RIlNC,«OINC»RlMAX,R9MAX,DTMIN,OREQ»THINC,TCINC,TCMAX fTHMAX
2,NPERT,2NPERT,CKFP,CKFT,CTEOC»CTElC»DELTL.RLPERT,RLMAXfZNMIN,Z9SAV
COMMON/TEPMP/NPUMP,DR8,C002
EQUIVALENCE (HD3(20)»ASTAR1CU)
DATA HD/4HINNE»4HR CL»4HAD »4H •4H ,4H
1 4HINNE»4HR IN,4HSULA,4hTING,4H RlN,4HG
2 4HHOT »4H SID*4HE CO,4HNDUC.4HTUR
 r4HRING
3 4H ,4HlNNEr4HR T/r4nE WAr4HSHER,4HS
4 4H ,4HOUT£f4HR T/,4HE WA»4HSH£R»4HS
5 4HCOLDf4H SID»4HE C0»4HNDUC,4HTOR ,4HRING
6 4HOUTEf4HR IN»4HSULA,4HTING»4H RlNf4HG
7 4HOUTEf4HR CL»4HAD »lH rlH »1H /,TMKF/1HK,1HF/,KASE1/1/,
8 HD1(2)/2HBN/,HDl(7)/2HBN/,H02/3*IH ,2*lH»,3*lH /,HD3/20*lH »1H*,
9 6*1H ,a*lH*,3*lH /,NZ/50*0/,Z/100*0./,CKF1/0.,459.6/,CKF2/1,,U8/
REAL LNRAD
FK2K(T)«(T*CKFPJ/CKFT
CID»CLDCK(CMT(21),CMT(22),CMT(23))
93 READ (5»94)(CMT(K),K»3,20)»ASTOP
94 FORMAT(UA4,7X,A1)
Z(19)«0.
Z{28)«0.
Z(44)«Q.
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Z(47)sO,
Z(51)»0,
ZC62)*0.
. ZC67)=o.
DO 90 1=70,100
90 Z(I)sO.
UGENsQ,
ZKR=0.
CURMODUJ'O.
NZ(2Q)sO
NZ(22)sO
NZ(25)sO
NZC2b)=0
NZ(3l)aO
ITPtRTsQ
INDI=0
LNDUMPsO
IVO = l
IF CASTOR, NE.HD2(1)) STOP
c - HEAD FIXED POINT INPUT DATA
95 HEAD (5f9U N,L»J, (IT(I)rI»l,N)
91 FORMAT' (313, 11(3X, 13))
JaJ-1
00 92 I«1,N
92 NZtItJ)=IT(I)
C - HtAD FLOATING POINT INPUT DATA
IF (L.FQ.O.AND.N.NE.O) GO TO 95
3 READ (5»2) N,L, J, (VPC CD » I«l t N)
2 FORMAT C1X,I1,212»6E12.6)
J=J-1
DO a I B!,N
a Z C I + J ) = V P C C D
IF CU.EQ.O.AND.N.NE.O) GO TO 3
C " DETERMINE TYPf OF MATERIAL SPECIFIED FOR EACH T/E SEGMENT
I3N»NZC1)
I2N s NJZC2)
I3PsNZ(3)
I2P * NZ(«)
IRITE«NZC5)
NCLDHSNZC6)
NCLDCSNZC7)
KFTEMsj
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I F ( N Z ( 8 ) , N E . O ) K F T E M " 2
C K F P s C K F H K F T E M J
C K F T » C K F 2 ( K F T E M )
T E M K F « T M K F ( K F T E M )
1Z9«1
IF ( N Z ( 9 ) , N E , 0 ) IZ9«2
N C s M A X O ( N Z ( 1 0 ) , l )
ZNC • NC
P C M U L T » A M A X O ( N Z C i a ) , U
IF ( K A S E l , t 0 . 1 . A N D . N Z ( 1 3 ) . E O , l ) N Z ( 1 3 ) « 0
INT s N Z ( U )
I C « H « N Z ( 1 5 )
I C H C « N Z ( i b )
IF (IPIN.LE.O) !PIN«a
NXTWP > MINO(MAXO(NZ(19),1)»5)
SEGTEsiO,
IF (NZ(21).N£,0) 3E6TE«NZ(21)
Nt)DUMPsNZ(22)
JOUMPsNODUMP-1
M A X l N D s M A X O ( N Z ( 2 3 ) , l O )
M A X T E H s O
I F ( N Z ( 2 « ) , G T , 1 0 ) M A X T E M * N Z t 2 « ) - l O
N P U M P « N Z ( 2 5 )
NR50PTaNZ(27)
NOPTlMsNZ(31J
IF (NQPTIM.GT.O) NC«1
DRINCRa.01*FLOAT(NZ(32))
IPUN«NZ(33)
IF (NZ(34),NE.O) IPDWTP2
ITHQ«MAXO(NZ(35),1)
ITCR«MAXO(NZ(3bJ,l)
ICRMOL«NZ(50)
32 JOPTlMfO
ISECT«J
IPDWT«1
OR(1)»Z(2)
OR(2)»Z(3)
OR(3)«Z(<»)
DR(4)«Z(5)
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D R ( 6 ) * Z ( 6 )
D R ( 7 ) » Z t 7 )
U R 8 = Z ( 8 )
Z L I s A M A X l ( Z U O ) , l.OE-10)
Z L N * Z C l i )
ZLP*ZU2)
H H s Z ( l S )
HCsZ(U)
T Q L T E M s A M A X l ( Z ( l 5 ) r , 0 0 1 )
IF (NGTl .EO.e) T Q t T E M s l O . * T O L T E M
TOLCURaZdfe )
IF (TOLCUR.LE.O. ) TOLCUKs.OOl
T P I N a F K 2 K ( Z ( 1 7 ) )
IF (TPlN.Lt.256,) TPINeTOO,
RKCf lNCsZ(20)
R E C O N H s Z ( 2 1 )
COD2«2.0*Z(2S)
Z N P E R T s A M A X l ( Z ( 2 6 ) , .001)
Z N M I N S A M A X 1 { Z ( 2 7 ) , , 0 2 0 )
Q R E Q « Z ( 2 8 )
Z L T E SZLP + ZLI + ZLH-ZLN
IF (ZLP.NE.O.) GO TO IS
ZLTE-0 ,
IF (ZLNLP.GT.O.) IDUHZ-3
15 PEREQ*Z(30)
VREQ»Z(31)
ZUREQ«Z(32)
THINCsZ(33)/CKFl
TCINC=Z(3a)/CKFT
THMAXsllOO.
IF (THING. GT.O.) THMAXsFK2K (Z ( 35) ) +0.5*THINC
TCMAX*O.
IF (TCINC.GT.O.) TCMAX«FK2K(Z(56))+.5*TCINC
DTMIN8Z(37)/CKFT
DRMIN*Z(38)
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RI1NC«Z(39)
RIMAX*Q.
IF (KIINC.GT.O.) R lMAXsZ(4U+0.5*RI INC
R 9 M A X s o ,
IF (ROINC.GT.O.) R9MAXsZ(42)+0.5*ROINC
PWRDENsZ(43)
QGAM«Z(45)
RLPERT»Z(a6)/PCMULT
IF (RLMAX.NE.O.) NOPTIM«1
ZLIBRHsZ(50)/ZLl
2LIBRC«Z(5l)/ZLl
ZK9*Z(52)
CTEIC«ZCS3)*1.0E"Ob
CTEGC=Z(5a)*1.0E-06
HRINC«Z(56)
HRSslOOO.
IF (HRINC.LE.O.) GO TO 5
HRSsQ.
HRMAXsz(57)
HFLFsZ(58)/7.907E»05
TR£J«FK2K(Z(59) J
RADPCT«Z(60)
WTCON«Z(bl)
DGTRFapK2K(Z(63))
DGLRFs.01*DGRF*Z(fea)
RAOK»Z(65)/CKFT
CIDP«Z(6b)
RADC«50l.E-ia*Z(67)*Z(68)*Z(69)
DO 6 I«l,30
b DP(I)«Z(70*I)
IF (KA8E1.E0.1,OR,(IRITE,NE.3.ANO.IRIT£.NE.«))
1 CALL PHONY(DPf IPUN,HRS)
KASEi«KASEl-»-l
RLPC(1)»RLOAO
YNC«ZNC
IF (NGT1.GE.3) YNC»PCMULT
DO 97 IBI»NC97 RLPCCI)»RLOAD/YNC
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ZCIRsYNC*ZLTE
NGT2»2
IF (RLOAD.EQ.O.) NGT2«3
IF (NGT1.LE.1.0R.N6T1.EQ.3) Nf,T2«l
IF (VREQ.GT.O..AND.NGT1.GE.4) NGT2«4
IF (NGT1.6E.6) N6T2«5
N=l
IF (IRITE.EQ.1.0R.IRITE.GT.2) G" TO
NsO
11
C - WRITE INPUT NZ AND Z ARRAYS IF SPECIFIED
WRITE (6,100) (CMT(J),Jrl,25)
100 FORMAT (1HI,4X,2A4,1X,18A4,2H ( , F 2 .0, 2 ( lH/ , F2.0) , 2H) ,2A4)
WRITE (6,101)
101 FORMAT (1HO/50X,1QHJNPUT DATA/)
DO 103 I«l,10
103 WRITE (6,104) CJ,NZ(J) ,J=I,50flO)
104 FORMAT (2X,5(3HNZ(,I2,2H)*,I4,11X))
WRITE (6,112)
DO 105 lsl,20
lOb ^RITE (6,106) ( J , Z ( J) , J« I , 100, 20)
lOb FORMAT (2X,4(3H Z ( , 12, 2H ) = , G 12.4, 3X ) , 2HZ ( , 13, 2H) « , Gl 2 . a )
CHECK TO SEE HOW TEMPERATURES ARE TO BE READ IN
11 IF (NGT1.GE.3) GO TO 5080
WRITE (6,100) (CMT(J) , Jsl,25)
IF (INT.NE.1) GO TO 5070
WRITE (6,5069)
5069 FORMAT ( 1 HO, 25X , 61 H***** SAME AXIAL TEMPERATURES USED AS IN PREVI
10US CASE *****)
KFTEMsi
GO TO 123
5070 THAVsO,
TCAVsO.
IF (INT.NE.O) GU TO 5072
READ (5»5071) (TEMP(l,l),TEMP(q,I),lsi,Nc)
5071 FORMAT (12F6.2)
IF (IRlTE.LT.3) WRITE (6,5075) TEMKF
5075 FORMAT ( IHO, 22X, 62HHOT AND COLO CLAD TEMPERATURES OR EACH AXIAL SE
1CTION IN DEGS. ,A1)
GO TO 123
CALCULATION OF EQUI-SPACED (STANDARD)
5072 IF (INTTC.NE.O) GO TO 5083
DTAVsZCIR/(FLOAT(INT)-l.)
XTHERM(l)sO.
00 5082 1*2, INT
THERMOCOUPLE LOCATIONS
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5082 XTHERM(I)aXTHERM(I»l)+DTAV
GO TO 5084
5083 READ (5,5071) (XTHERM(I) , I«l , IN!)
5084 READ (5,5071) (THFRMH( I) , I»l » IwT)
READ (5,5071) ( THERMC (I) , I«l , INT)
IF (ZLP ,GT. 0.) 60 TO 67
WRITE (6,66)
66 FORMAT (/////, 7X,96HTEMPERATUR£S CAN NQT BE INTERPOLATED ON A RUN
10PTIMUING AN AXIAL LENGTH, CALCULATIONS SUPRES8ED)
GO TQ 93
CHECK FOR AND ELIMINATE ZERO THERMOCOUPLE INPUT TEMPERATURES
67 J = 0
K«0
DO 65 I»lrlNT
IF (THERMH(I).LE,0.) GO TO 63
VPC(J)sTMERMH(I)
VOC(J)aXTH£RM(I)
63 IF (THERMC(I).LE.O.) GO TO 65
KSKM
Pt(K)«THERMC(I)
RPC(K)*XTHERM(I)
65 CONTINUE
DTAVs,5*ZLTE
00 81 1*1, NC
TEMP(9,I)*SI(RPC, PE»OTAV,K,INO»NXTRP,NXTRP)
81 DTAV«DTAV*ZLTE
WRITE (6t5074) TEHKF
5074 FOHMAT (1HO, 37X, 51HINPUT THERMOCOUPLE LOCATIONS AND READINGS IN DE
1GS. ,A1)
NKN«?(lNT + 9)/10
DO 73 K»1,NKN
KNK«10*K
KNNKaKNK»9
IF CKNK.GT,INT) KNK«INT
MRITE (6^ 108) (I» I«KNNK,KNK)
WRITE (6,112) (XTHERM(I),I«KNNK»KNK)
113 FORMAT (iX,F8.3r9F11.3)
WRITE (6rlU) (THERMH (I) , IsKNNK,KNK)
73 WRITE (b,H2) (THERMC (I ) , IsKNNK ,KNK)
IF (IRlTE.GE.3) GO TO \2l
WRITE (6,5076) /EMKF
5076 FORMAT (1HO/21X,67HINTERPOL*TED MID'POINT TEMPERATURES OR EACH AXI
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1AL SECTION IN OEGS. ,A1)
NKNs(Nc+9)/lO
DO 111 K«1,NKN
KNK"10*K
KNNKsKNK»9
IF (KNK.GT.NC) KNKaNC
WRITE (6,108) (I,I«KNNK,KNK)
108 FORMAT (1HQ,3X,10(13,8X))
WRITE (6,112) (TEMP(1,I),I»KNNK,KNK)
111 WRITE (6,112) (TEMP(9,I),I«KNNK,KNK)
122 IF (INT.EO.l) GO TO 5073
DO 5077 Ul,NC
TEMP(i,i)«FK2K(TEMP(i,i))
TEMP(9,I)8FK2K(fEMP(9,I))
THAVsTHAV+TEMP(l,I)
*07f TCAVsTcAV+TEMP(9,I)
THAVsTHAV/ZNC
TCAVsTfAV/ZNC
OTAVsTHAV-TCAV
TMODAVsTCAVtO.S*OTAV
T H A V F s c K F 2 ( 2 ) * T H A V - C K F l ( 2 )
T C A V F = C K F 2 ( 2 ) * T C A V - C K F 1 ( 2 )
TMaOFacKF2(2)*TMODAV-CKFl(2)
DTAVF«CKF2(2J*OTAV
507J W R I T E (6r5078) THAV,THAVF,TCAV,TCAVFrDTAV,DTAVF,TMODAV,TMODF
5078 FORMAT (1HO/22X,30HAVERAGE HOT CUAD TEMPERATURE »»F9.3, 9H OEG.K
1( ,F9.3»7H DEG,F)//21X,31HAVERAGE COLD CUAD TEMPERATURE SfF9.3,
2 9H OEG.K (,F9,3,7H DEG.F)//18X,34HAVERAGE RADIAL TEMPERATURE OR
3UP s,F9,3r9H OEG.K ffF9,3,7H DEG.F)//2«X,28HAVERAGE MODULE TEMPER
4ATURE s,F9.3f9H DEG.K (,F9.3,7H DEG.F))
GO TO 119
5080 IF (INT.EO.l) GO TO 119
READ (5r507l) (TEMPU , I) , T£MP(9, I), HI ,NC)
IF (N.pQ.O) WRITE (6,62) TEMKF, (TEMP(1,I),TEMP(9,1),I»lfNC)
62 FORMAT (1HO/36H INPUT TEMPERATURE PAIRS (IN OEGS. ,A1,1H)/
1(6(2X,F7,2,lH-,F7.2f1H,)))
IF (KFTEM.EQ.l) GO TO 119
00 5081 Isl,NC
TEMP(1,I)«FK2K(TEMP(1,1))
5081 TEMP(9, I)«FK2K(TEMP(9»D)
119 IF (RLOAD.GE.O.) RO TO 118
READ (5,5071) (RLPC(1),I*1,NC)
IF (N.fe'Q.O) WRITE (6,117) (RLPC (1),I»l,NC)
117 FORMAT (74H INPUT LOAD RESISTANCE FOR EACH TEMPERATURE PAIR (IN MI
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116
118
1LLIOHMS PER MODULE) / (2X, 10 (Gl 0.2» IH, ) ) )
00 116 1=1, NC
RLPC(I)a.001*RLPC(I)/PCMULT
00 125 Ial,NC
DTMOD(l)aTEMP(l»I)-TEMP(9,I)
IF (DTMOO(I).NE.O.) 60 TO 126
TEMP(1,I)»TEMP(1,I)+.001
DTMOD(I) a .001
IF((TEMPC1,I).GT.O..AND.TEMP(9,I).GT.O.).OR.NGT1.GE.3) GO TO 12b
WRITE (6,121)
FORMAT (1HO,/17X,80HNEGATIVE OR ZERO TEMPERATURE ENCOUNTERED - CAL
1CULATION SUPRESSED FOR THIS CASE )
GO TO 93
125 IT(I)ao
127 CONTINUE
C " ESTABLISH MODULE RADIAL DIMENSIONS FROM INPUT DATA
3061 IF (2(2). IE. 0.) OR ( 1 ) »CI02*RAO ( 1 ) *CIDP
RAO(2)»RAD(1)+DR(1)
RAD(3)eRAD(2)*D«(2)
126
121
IF (IZQ.EO,!) GO TO 3068
DR(5joz9SAV
RAD(6)=RAD(5)+DR(5)
RAO(7)sRAD(6)+D«(6)
RAO(8)«RAD(7)*D«(7)
IF (OR8.LE.O.) GO TO 3067
3059
RAD(9)sRAD(8)*DR(8)
GO TO 3066
3067 IF (COQ2.EQ.1.) GO TO 1996
RAD(9)aRAO(8)/(1.0-COD2)
DR(8)»RAD(9)-RAD(8)
GO TO 3066
3068 RAO(9)aZ9SAV
3070 DR(8)«DR8
IF (DR8.LE.O.) DR(8)«COD2*RAD(9)
RAD(8)aRAD(9)-DR(8)
RAD(7)aRAD(8)-DR(7)
RAD(6)«RAD(7)-DR(6)
DR(5)aRAD(6)-RAD(5)
3066 ZQD»2.0*RAD(9)
ZI082.0*RAD(1)
IF (RRREF.LE.O.) RRREFsZOD/ZlD
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IENDKM
IF (ENDZK.GT.O.) IENDKs2
QGENLs5l.48*PWRDEN*RAD(l)*RAD(l)
UGfcNsfJGENL*ZLTE
IF (IDUMZ.NE.l) QGEN=QGENL*2,*(ZLN+ZLI)
IF (QINPC.GT.O.) QGENsQlNPC
IF (IRITE.GT.3) GO TO 4004
C - WRITE RADIAL AND AXIAL DIMENSIONS IF SPECIFIED (NZ(5) .P.O. 0,1,2)
WRITE (6,100) (CMT(J),J«1,25)
HDlCl)sSSlN(NCLOH)
HDl(3)aFfcTM(ICRH)
HDIU)«CASCAD(I3N,2)
HD(1,4)SCASCAD(I3P,2)
HD1(5)«CASCAD(I2N,2)
HD(1,5)»CASCAD(I2P,2)
HDl(6)s.FETM(ICRC)
HD1 (8)sSSlN(NCLOc)
WRITE (6,2017)
2017 FORMAT (1HO//,10X,17HRADIAL DIMENSIONS,13X,18HRADIAL THICKNESSES,
1 7X, 9HCOMPONENT,/)
1«1
IF (NOPTIM.NE.O.AND.DRINCR.GT.O.) I«2
DO 2019 J»l,8
2019 WRITE (6,2016) J ,RAD ( J),HD3(J,I),J,OR(J),HD3(J + 8,1),HDl(J),HD2(J),
1 CHD(K,J),K*1,6)
2018 FORMAT (10X,4HRAD(,11,3H) a,Fl0.6,5H IN. ,Al/40X,3HDR(,11,3H) •,
1 F10.6f4H IN.,Al,3X,A3,Al,6A4)
J*9
WRITE (6,2018) J, RAD(J)
Jl«l
IF (NQPTIM.NE,Q.AND.VREQ,GT.O,.AND.(ZLREQ.GT.O.,OR.PEREQ.GT,0,)J
1 Jl»2
J a(JUIDUMZ*l)/2
WRITE (6,2021) ZLN,ASTAR1(Jl),ZLP,ASTARl(J), ZLI,ZLTE,A3TAR1(J)
2021 FORMAT (1HO//46X,18HAXIAL DIMENSIONS ,///1 OX,8HZLN «,F9.5,
1 23H IN, (N-TYPE WASHER),A2//10X,8HZLP «,F9.5,23H IN. IP-
2TYPE WASHER)A2//10X,8HZLI «,F9.5,24H IN. (MICA THICKNESS)//
3 10X,8HZLTE «,F9.5,32H IN, (TOTAL COUPLE THICKNESS),A2)
IF CJ.EU.l) WRITE (6,2023) ZClR,VNC
2023 FORMAT (1HO, 9X,8HZCIR «,F9,5»30H IN, (TOTAL CIRCUIT LENGTH,,
1 F4,0,9H COUPLES))
IF (J.EQ.2.0R.I.EQ.2) WRITE (6,2022)
2022 FORMAT (1HO,SOX,51H* THIS DIMENSION OPTIMIZED OR CALCULATED INTERN
ULLY)
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4004 DR4aQR(4)
ORTEaRAD(6)-RAD(4)
IF (DRTE.LT.DRMlN.AND.(NQPTIM,GT.O.OR,NCLAD,GT.On
3016 IF (RADCU .LE.Q.,OR.ZLI.LE.O.) GO TO 1996
DO 31 jMffl
60 TO 1996
IF (RAO(Jl).LE. 0.) GO TO 1996
LNRAD(J)»ALOG(RAD(J1) /RAD(J))
31 IF (J/2.NE.2,AND,LNRAOCJ).LE.O.)
ISECTM
GO TO 1999
1991 CONTINUE
(NOPTIM.EO.O.OR.ROINC.EO.O.)
GO TO 1991
60 TO 1996IF
ISECT«3
GO TO 1999
1996 WRITE (6,1992)
1992 FORMAT (1HO, 21X, 68HEWRUR IN DIMENSIONS SPECIFIED - CALCULATIONS SU
1PRESSED FOR THIS CASE)
GO TO 93
1999 ZKEND«ENDZK*AUQG(RRREF)/ALOG(ZOD/ZID)
IF (NOPTIM.EQ.O) GO TO 4002
CALL OPTIM(ISECT,J)
GD TO (4002, 4002, 4002, 3059, 4002, 3070, 3Q6l ), J
CALCULATE ALL RECURRING PRODUCTS
4002 ALR64 a LNRAD (5) +LNRAD (4)
CGAMa,5/ALR64-l,/(EXP(2,*ALR64)»l,)
CONST U. 062659* ALR64
CONRN*CONST1/ZLN
RCON4 » R£CONH/(40.5366*ZLN*RAD(4J)
RCON6 s RECONC/(40,5366*ZL,N*RAD(6))
CHECK FOR THERMAL CONTACT COEFFICIENTS EQUAL *ERQ
CONSTSaO,
CONST4eO.
IF (HH.NE.O.) CDNST3*.3937*(1.0/RAD(2)+1,0/RAD(3))/(LNRAD(2)*HH)
IF CHC.NE.O.) CONST4»,3937*(1.0/RADf7)*l,0/RAD(8))/(LNRAO(7)*HC)
CHECK TO SEE IF P-LEG AXIAL LENGTH IS TO BE OPTIMIZED
IF tlDuMZ.GT.l) GO TO 78
CALCULATE RECURRING PRODUCTS IF P-LEG IS NOT TQ BE OPTIMIZED
ZLPN»ZLP+ZLN
ZLPNI«ZLPN*ZLI
ZLTE»ZLPNI*ZLI
ZLNLP«ZLN/ZLP
CONST5»15.9593*ZLP
ZLIP»2,0*ZLI/ZLP
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CONST2sl5,9593*ZLTE
RlNT6sRCON6*ZLPN/ZLP
CONRPscUNSTl/ZLP
IF (ICRMDL .NE. 0) GO TO 4005
ClFErtal$.<>593*D«(3)*tRAD(3)+RAnC<»))/ZLTE
ClFECsl5.9S93*DR(6)*(RAD(6)+RAnC7))/2LTE
GO TO 78
CALCULATE RADIUS OF CIRCULAR CONDUCTOR RING ELECTRICAL STREAMLINE
400b RCHOTsAMINl (DR ( 3) , ZLN, ZLP)
*COLD«AMIN1 fDR(6)f ZLN,ZLP)
C1FEH=5.08*RAO(«)*ALOG(3.1U159*RCHOT/ZLI+1,0)
ClFEC»5,08*RAD(6)*ALOG(3.U159*RCOLO/ZLl+l,0)
78 INf)I = lN01 + l
C - ENTER SUBROUTINE COUPLE
CALL COUPLE
IF (NOrxUMP.EQ.'a) GO TO 93
C - ENTER SUBROUTINE LIFE, IF SPECIFIED
IF CHRINC.LE.O) GO TO 3052
CALL LIFE(QAPERI)
IF (JOPTIM.LT.OJ GO TO 93
GO TO 78
3052 IF (NOpriM.EO.O) GO TO 3.051
C - ENTER SUBROUTINE OPTIM FUR THOT, TCOLD» PCT2N PERTURBATION
CALL URTIMC2.J)
OTMau(l)«TEMP(l»l)-TEMP(9»l)
GO TO (9ifa002, 78, 3059, 78,3070,3061), J
3051 IF fNPljMP.LF.O) GO TO 3053
CALL PUMP(J)
GO TU CA002,30bl,93) »J
3053 IF (NOoUMP.EQ.3J GO TO 93
IF (NGTl.GE.3) GO TO 79
CALCULATE MODULE VOLTAGE AND RESISTANCE FOR CURRENT CONVERGENCE CHECK
UCVaO,
OHM«0.
QMOD=0.
00 3b I*lrNC
ucvsacv+vocd)
OHMaOHM+RPCCI)
3b QMOD=«MOU*QT(I)
JsJNOI+1
IF (NGT2-2) 79,37,22
22 RLOADsOHM
CHECK FOR CONVERGENCE ON MODULE CURRENT
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37 CURMOD(J) « OCV/(OHM+RLOAD)
IF (ABS(1.0-CURMOD(INDI)/CURMOD(J)).LE.10LCUR.AND.INDI.GT.2)GQTU79
IF (INDI.EU.2) TOLTEM«0.1*TnLTEM
IF (INDI .LT, MAXIND) 60 TO 78
WRITE (6, A3) MAXIND, ( J , CURMOD ( J) » J*l , INDI)
43 FORMAT (///,27X»37H***CURRENT CLOSURE NUT OBTAINED AFTERfIS, HH
1ITERATIONS***,//,22X,65HMODULE CURRENT CALCULATED ON EACH PASS >HR
2QUGH SUBROUTINE COUPLE , /// r 42X, 9HITERAT IPN, 7X, 7HCURRENT, / ,
3(lHQ,44X,I3,lH.r 7X , 1PE 1 2 .5, /) )
79 CALL RITE
IF (NST1.EQ.5.AND.N6T2.E0.3) GO TO 2060
IF (NGT1.NE.O) GO TO 2059
TOLTEM«10,*TOLTEM
IF(RLOAD.GT.O.) GO TO 2053
CURMaDC2)«0.50*OCV/OHM
NGT2-3
GO TO 78
2053 NGT2s2
00 205/1 1*1, NC
2054 RLPC (I)'RLPC(l)
CURMOD(2)*OCV/(OHM*RLOAD)
GO TO 78
2059 IF (NGT1.NE.5) GO TO 2061
2060 CURMOD(2)«0.
NGT2*1
NGTU3
DTTE=TEMP(a,l)-TEMP(6,l)
GO TO 78
2061 IF (NGT1.NE.7) GO TO 93
IRITE»a
INTsl
GO TO 32
END
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SUBROUTINE RITE
DIMENSION TAVG(300),ETAC(300),oTMF(300),TF(9,300),TICUP(300),
1 DTF(9,300),CPMD(12,2),ALPCUP(300),ETA(300)
COMMQN/TERIT/DTAV,QHM,OCV,RL()AD>QMOD,TCAV
COMMON /MDCPOP/RAD(9)fOR(8),TEMP(9,30Q)»VOC(300),RPC(300) ,PEC300) ,
1 QT(30Q),NOPTIM,VPC(300),RLPC(300),DTMOD(3QO),CUR(300),UNRAD(9),
2 2LP,ZUN,ZLI,ZLNLP,ZLPNI,ZLTE,NGT1,NGT2>ITPERT,PCMUI.T,NODUMP,IVD,
3' QGEN,l}GENL,QTEiQOUT,ZlD,ZOO,ZKENO,ZK9,ZKR,RPPC,RPN,TOLTEM,TREJ»
a VREQ,PEREa,ZLHEQ,WTCQN,ZLPN,lDUMZ,RN,DGRF,DGTRF,DGLRF,RADK,JDUMp,
S DP(30),NC
COMMON /MODCPL/CURMQD(15),IT(300),DTTE,CONRN,CONRP,ZLIP,ZNC,
1 ALR64,MAXTEM,QGAM,CGAM,INDI,RINT4,RjNTb,RCON4,RCON6,ClFEH,C1FEC,
2 CONST1,CONST2,CONST3,CONST4,CONST5,NR50PT,SEGTE,ICRMDL,RADC
COMMON /MOUOPT/IPDWT, DRA.DRINc«iI«ITE,DHTE»JOPTIM,IZ9,IENOK,IPUN,
1 RIINC,ROINC,Rl«AX,R9MAX,DTMINfQREQ,THlNc,TCINC,TCMAX,THMAX
ItNPFRr,ZNPERT,CKFPrCKFTrCT£OC»cTElC»DELTL»RLPERT,RLMAX,ZNMlN,Z93AV
COMMON /TITXE/FETM(3),CASCAD(8,a)»SSIN(3),CMT(25),CONO(3,5),TEMKp,
I CRMO(2,2),I3NfJ2N,I3P,I2P
COMMON /CPLRIT/DT(8,300),QPTZLP(300),OP1CPL(300)
DATA CPMO/4H CI*,4HCUIT»aH CA,«HRNOT,^H CUR,4HRENT,4H EFF,4H (AM,
1 aHPS) ,4H PCT,lH.,aH.
 faH MQ»«HOULEr4H AVE»4HRAGE»4H R-L,
2 4HOAD ,4HTEMP,4H(M-O^HHMS),4HnEG.,4HMDHM,1HS/
CPMO(l,2)sCRMD(l,l)
CPMD(2f2)«CRMO(2,l)
WRITE (6,100) (CMT(J),J31,25)
100 FORMAT (1H1,4X,2A4,IX,18A4,2H (,F2.0,2(1H/,F2.0),2H) ,2A4)
IF (ZKFND.LE.O.) GO TO 11
CPMD(l,2)sCRMD(l,2)
CPMO(2,2)*CRMD(£,2)
U IF (NGT1.LT.3,ANO.IRITE.GT.2) GO TO 200*
00 2001 1*1,NC
P*TEMP (9,I)*0.5*OTMQO(I)
TAVG(I)«OK2FK(P)
£TAC(I)«100.*OTMQD(I)/TEMP(1,1)
OTMF(I)«CKFT*DTMOO(I)
TF(9,I)«DK2FK(TEMP(9,I))
TICUP(I)«DTMF(I)/OT(I)
ALPCUP(I)?VOC(I)/OTMF(I)
ETA(I)*P£(I)/QT(I)
DO 2001 J*l,8
DTF(J,I)*CKFT*OT(J,I)
2001 TF(J,I)sl)K2FK(TEMP(J,I))
2006 IF (IRITE.GT.2) GO TO 2007
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1994 WRITE (6,1998) (COND (.If NGT2) , Jal , 3) , TEMKp, ( Jf J« 1 , 9) ,
1 (I»(TF(J,I),Jsl,9),I=l,NC)
1998 FORMAT (1HO,10X,58HRADIAL TEMPERATURE PROFILE FOR EACH COUPLE
1ULATEO FOR ,3A4,19H CONDITIONS (DECS, ,A1,1H)/8HO COUPLE,6X,
2 9(1HT,I1,9X)/(3HO ,13,1H.,F11,2,8F11.2))
IF (NC.GT.7) WRITF (bflOO) (CMT(J)tJ"l,25)
WRITE (6,2009) TEMKF,(I,(DTP(J,I),J«l,8),1*1,NC)
2009 FORMAT (1HO,21X,b«HRAD!AL TEMPERATURE 0«OP ACROSS COMPONENTS FOR E
1ACH COUPLE (DEG. ,A1,1H)//8H cOUPLEr10X,28HINNER BORON
Z INNER,2bX,26HOUTER BORON OUTE«/19X,81HCLAO NITRIDE
3 CONDUCTOR T/E1 T/E2 CONDUCTOR NITRIDE CLAD/
4(lHO,l5r2H. ,Flb.3,7Fll,3))
WRITE (6,100) (CMT(J),Jsl,25)
2007 WRITE (6,2002) CCOND(J,NQT2),JB!,3)
2002 FORMAT (1 HO,12X,61HCALCULATEO PARAMETERS FOR INDIVIDUAL COUPLES OP
1ERATING UNDER ,3A«,11H CONDITIONS)
C " WRITE INDIVIDUAL COUPLE PARAMETERS
WRITE (6,13) (CPMDCJ,l),Jsl,7),TEMKF,cPMDC8,l),CPMD(9,l),TEMKF»
1 TEMKF,CPMD(10,1),CPMD(11,1)
13 FORMAT (1HO,12XM8H*****VOLTAGES*****12X,50HINTERNAL POWER
1 HEAT THERMAL EFFECTIVE , 2A4, IX, 2A<I/33H TH / TC VOC
2 V-LOAD ,2A4,63H RESISTANCE OUTPUT INPUT IMPEDANCE SEEflE
3CK EFF. »Aa,lH./8H (DEG.»Al,2aH) (VOLTS) (VOLTS) ,
« 2A4,35H (M-OHMS) (WATTS) (WATTS) (D»rAl»12H/KW) (MV/D-,
5 A1,14H) (PCT.) (,Aa,Al»lH))
WRITE (6,14) (TF(l,I),TF(9,I),vOC(I)»VPC(I),CURCI)rRPC(I),PE(I)»
1 QT(I)fTICUP(I),ALPCUP(I),ETA(l),ETAC(D,Ial»NC)
U FORMAT (lHO,F5.0,lH/,F«,0,2F10.5,F10.3,3PF10.«fOPF10.«,F10.2,
1 3PF10.2,3PF10.4,2PF10.3,OPF9.2)
C - WRITE CALCULATED AXIAL LENGTHS IF ZLP HAS BEEN OPTIMIZED
2062 IF (IDtJMZ.EO.l) GO TO 2061
If (NC.GT.7) WRITE (6,100) (CMT(J)»J«l,25)
WRITE(6,2052) (I,ZLN,OPTZLP(I),ZLI,OPTC^L(I)»DPTCPL(1*100),IB!,NC)
2052 FORMAT (1HO// UX, 6HCOUPLE,18X,52HAXIAL THICKNESSES CALCULATED I
IN OPTIMIZATION ROUTINE/14X,6HNUMBER,11X,5HN-LEG,10X,5HP-LEG,7X,12H
2MICA WASHERS,6X»6HCOUPLE,8X,7HC1RCUIT/(1HO,13X,I«,4H) ,5F15.5))
2061 IF (NGT1.UT.3) GO TO 2005
IF (NC.GT.7.QR.IDUMZ.EQ.2) WRITE(6,100) (CMT(J),J»l,25)
WRITE (6,2042) PCMULT,(COND(J,NGT2),Jsl,3)
2042 FORMAT (// F7.0,32H COUPLE MODULES OPERATING UNDER ,3A4,55H CUND
1ITIONS WITH UNIFORM HOT AND COLD CLAD TEMPERATURES)
RLD«0.
WRITE (6,13) (CPMD(J,2),J*1,7),TEMKF,CPM0(8,2),CPMD(9,2),TEMKF,
1 TEMKF,CPMD(10,2),TEMKF
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00 57 J s l , N C
OCV s P C M U L T * V O C ( I )
VLU = P C M U L T * V P C ( I )
IF (NGT2.NE.1) RLOMOOO t *PCMULT*RLPC( I )
OHMsPCMULT*RPC(I)
P a PCMULT*PE(I)
SEB*PCMULT*ALPCUP(1)
KTAOsP/QMOD
TIUsDTMF(I)/QMOD
57 WRITE (6,14) TF C 1 » I) » TF (9. U , OcV, VuDi RLO, DHM, P, QHOD, TIO» SEB»ETAU,
1 TAVG(I)
GO TO ?2?1
2005 wRITt (6,2059)
2059 FORMAT ( 1 HO///43X , 24HOVERALL MODULE OPERATION)
WRITE (6, U) (CPMP(J,2),J»1,2), (CPMD t J,2) , J»5, 6) , (CPMD(J, 1)» J*5f 6).
lCPMDH2,l)rTEHKF, (CPHD(J,l) , J«6,9) ,Tfe'MKF , TEHKF , (CPHD ( J ,2) , J«l 1 , 12)
C - CALCULATE MODULE PARAMETERS
fAVGC2)3DK2FK(rCAV)
fAVG(l)s|AVG(2)+CKFT*DTAV
VLDsOCv-CURMQD(lNOI)*OHM
8LD*1000.*VLD/CURMODUNDI)
P»VLO*CURMOO( INOI )QMUO=QMOO+ZKEND*OTAV
S E B s O C V / ( O I A V * C K F T )
T I O » » T A V * C K F T / O M O O
W R I T E (6,14) TAVG(l)rTAVfi(2),OcVf VLD,CUHMOD(INDI),OHM,P,OMOD,TIOf
1 3EB,ETAO,RLD
WRITE (6,2011) INOI
2011 FORMAT(1HO,////,30X, I2,37H ITERATIONS TAKEN FOR CURRENT CLOSURE)
2221 WRJT«£ (6,2016) (I T ( I ) , Is 1 , NC)
2016 FORMAT (1 HO/V 38HQNUMBER OF ITERATIONS FOR EACH COUPLE-/ (5X.,25I4J /
1 1HO,22(5H*****))
RETURN
END
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N /DATIN/TTT(15) rZKMlCl (15) rZKMIC2(15), ZKSS ( 1 5) , ZKBN ( 1 6) ,
N(15)rZ2NA(15),Z2NR(15),Z2NK(15),Z2pA(15),Z2PR(15)rZ2PK(15) ,
(l5),Z2PRK(15),Z3NA(15),Z3NR(15),Z3NK(15),Z3NRK(15)fZ3PA(i:J),
(l5),Z3PK(i5),Z3PRK(lS),ZKCRH(15),ZKCRC(15),RCRH(l5),RCKC(l5)
SUBROUTINE PHONY(DP.IPUN,HRS)
DIMENSION FM3N(15),FM2N(1S),FM3P(15),FM2P(15),DP(30)
COMMON /TITLE/FETM(3),CASCAD(8,2),SSIN(3),CMT(25),COND(3,5),TEMKF,
1 CRMD(2»2) I3N I2N I3P,I2P
COMMO . I 1 ZK S( 5),ZKBN(16),
1 ZKINi " " - - - . . _
2Z2NRK
3 Z3PR
«,RHP(15),RPRHO
COMMON /FODAT/ALPHA(15,8),RHO(15,8),ZKQN(1b,8),ZKSSIN(16,3),
1 RFETM(15,«),ZKFETM(16,3),ZKMIcA(lb)
COMMON /FOWT/DEN(8),DENI,DEN3N,DEN2N,DEN3P,DEN2P,DCRH,DCRC
COMMON/TEFO/NCLOC.NCLDH,ICRH,ICRC»IPIN,ZLIBRH,ZLIBRC,TPIN,RPIN
DATA HOT/4HHOT /,COLD/aHCOLD/,NNAME/2HN-/,PNAME/2HP-/
IF (NCLDH.NE.1.ANO.NCLOH.NE.3) NCLDH«2
IF (NCLDC.NE.2,AND.NCLDC.NE.3) NCLDC«1
IF (ICRH.NE.2.AND.ICRH.NE.1) IC«H*3
IF (ICRC.NE,2.AND.ICRC.NE.l) IC"C=3
IF (I3N.LT.10) GO TO 301
I3N«I3N-10
READ (5,3001) (ALPHA(I,I3N),I«1,15),(RHO(IfI3N),Isl,15),
1 (ZKON(I,I3N),I«l,16),CASCAO(I3N,1),CASCAD(I3N,2)
3001 FORMAT (8F9.2/7F9.2/8F9.2/7F9.2/8F9.2/8F9.2,1X,2A4)
IF (IPIJN.6T.O) ^RITE (7,a01) (CASCAD (I3N, I) , I«l ,2), (ALPHA (I, I3N) ,
1 Ial,l5)f (CASCAO(I3N,I),Isl,2),(RHO (I,I3N),I•1,15),
2 (CASCAD(I3N,I),I«1,2),(ZKON (I,I3N),I«1,16)
401 FORMAT (25HC SEEBECK COEFFICIENT OF ,2A^,23H MATERIAL (VOLTS/OEG.K
1),5X,1H1,10X,5(E9.3,1H,)/5X,1H2»10X,5(E9.3,1H,)/5X,1H3,10X,5(E9,3,
2 iH,)/i7Hc RESISTIVITY OF ,2A«,19H MATERIAL (OHM*cM.)/5X,iHi,iox,
3 5(E9.3,1H,)/5X,1H2,10X,5(E9.3,1H,)/5X,1H3,10X,5(E9,3,1H,)/
a 26HC THERMAL CONDUCTIVITY OF ,2A«,27H MATERIAL (WATTS/CM./DEC.K)/
5 5X,1H110X,5(E9.3,1H,)/5X,1H210X,5(E9.3»1H,)/5X,lH3,b(E9.3,lH,)J
-501 IF (I2N.LT.10) GO TO 302
READ (5*3001) ( ALPHA ( I , I2N ) , 1*1 , 15) , (RHO( I, I2N) , I«l , 1 5) ,
1 (ZKON ( I, I2N) , I»l , lb) , CASCAD (I2N, 1 ) , CASC AD ( I2N, 2)
IF (IPUN.GT.O) HIRITE (7,a01) (CASCAD ( I2N, I) , IP 1 , 2) , ( ALPHA (I . I2N)
1 I*l,15)» (CA3CAD(I2N,I),I«1,2), (RHO ( I , I2N) , I«l , 15) ,
2 (CASCAD(I2N,I),I«1,2), (ZKON ( I , I2N) , 1*1 , 16)
302 IF (I3P.LT.10) GO TO 303
l3Psl3p*10
READ (5,3001) (ALPHA (I, ISP) , I« J , 15) , (RHO(I, I3P) , 1«1, 15) t
1 (ZKON ( I, I 3P), 1*1, 16),CASCAD(I3P, 1 ) » C ASC AD ( I3P, 2)
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IF (IPl.lN.GT.O) WRITE (7,401) (cASCAD ( I3P, I) , I« 1 , 2) , ( ALPHA t I , I3P) ,
1 I=1,15>» (CASCAD(I3P,I), Ial,2), (RHO 1 1 , UP) , IB 1 , 15) ,
2 . (CASCAD (I3P, I) rI«U2)» (ZKUN (I, X3P ),!«!, 16)
303 IF (I2P.LT.10) 60 TO 304
I2P«I2P-10
READ (5,3001) ( ALPHA ( I , I2P ) , I«i , 1 5) , (RHO ( I , I2P) , I« 1 , \ 5) ,
IF (IPljN.GT.O) WRITE (7,401) (CASCAO (I2P, I ) , I" 1 , a) , ( ALPHA (I , I2P ) ,
1 I»1,15)» (CASCAO(I2P,I),I»1,2),(RHO ( I, I2P) , I»l , 15) ,
2 ( C A 5 C A D C I 2 P » I ) » I « l » 2 ) f ( Z K O N ( I , I2P) , Isl , 16)
304 2 L I 8 H U 1 . 0 - Z U I B H H
Z L I 8 C U 1 . 0 - Z L I 8 H C
PN3N • 1.0
PN2N • 1.0
IF (I3N.EO.I3P) PN3NS-1.0
IF (I2M,EO,J2P) PN2Na-l,o
DZ2NAs(l.+HRP*DP(I2N))*PN2N
DZ3PA*t ,0+HRP*DP(I3P)
DZ2PA*1 ,0*HRP*OP(I2P)
,0 + HRP*i)P(I2N-»-10)
HRP=,Ol
0/3NK81
DZ2NKS1
OZ3PKM ,OtHRP*DP(I5P+20)
1 = 16
OEN(l)xZKSSlM(I,NCLOH)
DEN(2)sZK8N(I)
DENC7)8ZKBN(I)
OEN(8)aZK8SIN(I,MCLDC)
DENIsZKMICA(I)
DC»M*ZKFfcTM(I,lCHH)
DCRC*ZKFETM(I,ICRC)
OEN2NaZKON(I,I2N)
DEN3P»2KUN(I,I3P)
DF.N2P«ZKON(I, I2P)
DO 249 Ial,l5
RHP(I)«RFETM(I,IPIN)
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ZKMIC l ( I ) sZL IBH l *ZKMICA( I )+ZL lBRH*ZKFETM( I , 2 )
ZKMIC2( I )=2L IBC1*ZKMICA( I )+ZL IBRC*ZKFETM( I ,2 )
RCRHU)sKFETMn, ICRH)
R C R C ( I ) s R F E T M ( I , I C R C )
ZKCRH( I )»ZKFETM( I , ICRH)
2 K C R C ( I ) " Z K F E T M { I , ICRC)
2KIN( I )eZKSSIN( I ,NCLDH)
ZKSS( I )«ZKSSIN( I ,NCLDC)
Z 3 N A ( I ) s D Z 3 N A * A L P H A C I , I 3 N )
Z2NA(I )*OZ2NA*A1.PHAU,I2N)
Z 3 P A ( I ) s D Z 3 P A * A L P H A ( l , I3P)
22PA( I )»DZ2PA*ALPHA( I , I2P)
23NR(I )sDZ3NR*RHO(I» j3N)
Z2NR( I )sDZ2NR*RHO(I , I2N)
Z3PR( I )»DZ3PR*HHOt I» I3P)
22PR(I)«DZ2PR*RHO(I,I2P)
Z3NK( I ) aOZ3NK*ZKQN( I , I 3N )
Z2NK( I )aDZ2NK*ZKQN( l , I2N)
Z3PK( I )POZ3PK*ZKQN( I , I 3P )
22PK( I )«DZ2PK*ZKQN( I , I2P)
Z2NRK( I ) s Z2NR( I ) * Z2NK(I)
Z2PRK( I ) - Z2PR( I ) * Z2PK(I)
Z3NRK( I ) - Z3NRU)* Z3NK(I)
249 Z 3 P R K ( I ) s Z 3 P R ( I ) * Z 3 P K ( I )
RPHHOBRPIN/SI(TTT,RHP,TPIN,15,lNDrl,l)IF (iPuN.LT.o) RETURN
WRITE (6,100) (CMT(JJ,J«1,25)
100 FORMAT (!Hl,aX,2Aa,lX,18Aa,2H (» F2.0, 2 ( lH/,F2.0) , 2H)
1 //38X,33HINPUT MATERIALS PROPERTIES TABLES)
WRITE (6,281) HOT,NNAMf, CCASCAD (I3N, I) , Is 1 ,2) ,HOT,PNAMf, (CASCAD
1 CI3P,I),IM,2)
281 FORMAT C1HO,/16X,2(A«,6H SIDE ,A2,13HLEG WASHER - r2A4,9H MATERIAL
WRITE (6,282)
282 FORMAT C8X , 5HTEMP. , 6X, 2C39HSEEBECK RESISTIVITY CONDUCTIVITY
1,6X))
WRITE (6,283)
283 FORMAT (7X,6HDEG, K, 3X, 2 (45H(VQLT/DEG K) (OHM*CM) (WATt/C
1M/K) ) )
WRITE (6,253) (TTT (I) , Z3NA (I) , Z3NR ( I) , Z3NK ( I) , Z3PA ( I ) , Z3PR ( I) ,
1Z3PK(I),JM,15)
253 FORMAT (1HO, 6X,F6. 1 , 6G15.5)
WRITE (6,100) (CMT(J),Jal,25)
WRITE (6,281) COLO,NNAME, ( C A S C A O ( I2N, I ) , I«l , 2) , COLD, PNAME, ( C A S C A D
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WRITE (6,282)
WRITE (6,263)
WRITE (6,253) ( TT T ( I ) , 22NA ( I ) , Z2NR (I ) , Z2NK ( I ) , Z2PA ( I) , Z2P« ( I ) f
lZ2PK(I).I«lrl5)
WRITE (6,100) (CMT(J),Jsl» 25)
*RITE (6,265)
28$ FORMAT UHO,/lbX,0(12HFIG-aF-MF_RIT,3X),2(l2HCDNDUCTIVlTY,3X),/8X,
1 5HTEMP.,2(7X. 5HN-LEG,10X,5HP-LEG,3X),3X,27HBN INSULATo* INTE«-C
2(JUPLE,/7X,6HDEG. K,5X,2(9HHOT SIDE, 6X ) , 2 (9HCOLD SIDe,8X)/2aH SLEF
3VE3 INSULATORS/ iaX,a(6X,qH(l/OEG.K))f 1 X, 2 (4X,11H( WATT /CM/KM)
00 250 1*1,15
FM2N(I)sZ2NA(I)*22NA(I)/Z2NRKCl)
FM3P(I)sZ3PA(I)*Z3PA(I)/Z3PRK(j)
250 FM2P(I)aZ2PA(I)*Z2PA(I)/£2PRK(D
WRITE (6 ,253) CUT (I) ,FM3N( I) ,FM3P (I ) ,FM2N (I) , FM2P ( I) , ZKBN (I ) ,
WRITE (6,100) (CMT(J) ,Jsl
rtRITE (6,286) HOT, COLD, SSIN(NCLOH) ,SSIN(NCLOC) ,FETM (ICRH) ,
1 FETM(ICRH),FETM{ICP.C),F£TM(ICRC)
28fa F O R M A T (1HO,/17X, 25HINNEW CLAD OUTEK CU AO, 5X , 2 ( A«, 2lH SIDE C(jN
1 DUCT OR RINGS, 5X ) /8X , 5HTEMP. , 7X , 6 ( 1H( , A2, 1H), 1 1 X ) , /7X , 6HDEG. K,
2 2(158 CONDUCTIVITY), 2(30H CONDUCTIVITY RESISTIVITY)/
3 13X,2(15H (<*ATT/CM/K)) ,2(2»H (WATT/CM/K) (OHM*CM) , 2X ) )
WRITE (6,253) (TTT(I) , ZK IN( I) , JKSS (I ) , ZKcRH (I ) , RCRH ( I ) , ZKCRC(I) »
1 RCRC(T),Isl,15)
RETURN
END
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SUBROUTINE COUPLE
COMMON /MDCPOP/*AD(9),DR(9),TEMP(9,300)»VOCC300),RPCC3Qf»,PE(300),
1 QT(300)rNQPTIMrVPC(300),RLPC(300),OTMOD(300),CUR(300),LNRAD(9)•
2 ZLPrZLN,ZLI,ZLNLP»ZLPNI,ZLTE,NGTl,NGT2fITPERT,PCMULT,NQDUMP,IVD,
3 QGEN,QGeNLrQTE»QQUT,ZID,ZOD.ZKEND,ZK9rZKR»RPPC»RPN»TOLTEM,TREJ»
4 VREQrPEREO,ZLREO,WTCON,ZLPN,IoUMZ,RN,OGRF,OGTRF,DGLRF,RAOK,JOUMP,
5 DPC30),NC
COMMON /MODCPL/CURMODC15),IT(300),DTTE,CONRN,CONRP,ZLlPrZNC,
1 ALRb4,MAXTEM,QGAM,CGAM,INDI»RlNT4,RINTb,RCON<»,RCONfa,ClFEH,ClFEC,
2 CONSTl,CONST2,CON3T3fCONST4,CaNST5,NR5QPTfSEGTE,ICRMQL»R*OC
COMMON /DATlN/TTT(15),ZKMICl(15)»ZKMIC2(15)f ZKS3(15),ZKBN(lb),
1 ZKlN(15),Z2NA(15),Z2NR(15},Z2NKU5),Z2PA(l5),Z2PRU5),ZaPK(15J,
2Z2NRK(l5),Z2PRK(15),Z3NA(15),Z3NR(15),Z3NK(15),Z3NRK(15)fZ3PA(l5),
3 Z3PK(l5),Z3PK(l5),Z3PRK(15),ZKCRH(15),ZKCRC(15),RCRH(l5)»RCRC(15)
«»RHP(15)»RPRHO
COMMON /TITLE/FETM(3)rCASCAD(8,2)»SSINC3),CMT(25),CONO(3»5),TEMKF»
I C«MO(2»2)»I3N,I2NfI3Pi I2PCOMMON XCPLRIT/DT(8,300),DPTZLP(300),OPTCPL(300)
DIMENSION XZK(9),ZK(9),TCON(U)»ZKEQ(8)»B(100)
REAL LNRAD
DATA X2K/9*0,/,LNDUMP/0/,ZKTEP/0,/,ZKTEN/0,/,T50P/b70./,ZKEQ/8*0./
DATA B/ bHTFEH ,bHZKPl ,bHRlNTa ,bHZKQT rbHTFEC ,6HZKP2 r
lbHRINT6 rbHOSAVE " " ""' ~ """"
2bHZKN2 rbHTCLDC
3bHALP2 fbHZKI2
abHQTOMNl»bHALN2
56HTOLTEM,bHQTOM
66H2KECPC,6HALT1
7bH«HON2 ,bHZLN
BbHQOUT ,bHRHON
9bHALNC2 »bHRPC
AbHRFEC ,bHALPH2
IbHZKHOT »bHRINTF
2bHQT ,6HQEOL .
TOLTEM«AMAX1(TOLTEM,,001)
NSEG»SEGTE
YNCiZNC
IF (NGT1.GE.3) YNC»PCMULT
ZKECPC«ZKENO/YNC
CQNSTb*0.5*ZLREQ/(ZLI*YNC)M.O
DO bOlO 1*1,NC
QSAVEBQ.
ITNOW«0
»
»
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t
t
t
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t
t
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6HFERH
bHQGAM
bHTBNC
bHZKTEN
bHRHOPl
6HQP
bHALNHl
bHRP
bHCONST2
bHCUR
bHALPC2
6HOBOL
t
r
r
t
t
t
t
t
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i
i
f
f
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bHQGEN ,
bHTBNH r
bHZKTEP ,
bHZKR ,
bHQC ,
bHALT2 ,
6HZLTE ,
bHCONSTl,
bHVOC ,
bHALPCl ,
bHRPPC ,
bHPCMULT/
e»rit'%re;
6HFERC
6HOTQMP1
6HDTMOD
6HZKTE
6HRHOP2
feHOJ
6HALNH2
6HRN
feHCONST3
6HPE
6HRLPC
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INITIALIZE RADIAL TEMPERATURES
IF (1NOI.GT.1) GO TO 4053
IF (I.EQ.l) GO TO 4045
IlsIM
IF (QGEN.LE.O.) GO Tf) 5005
DTMOD(I)«DTMOO(U)
TEMP(l,I)«TEMP(9,moTMQDm
5005 DTMOD.R*DTMQDCn/DTMOO(Il)
OT(1,I)*DTU,I1)*DTMQOR
DO 4041 Jsl,7
TEMPCj9,I)sTEMP(J,I)-DT(J,I)
4041 DT(J9,I)5PT(J9,I1)*0TMODR
GO 10 4040
4045 IF CQGEN.LE.O.) GO TO 5004
DTMUD(l)*0.5*QGEN*CQNRN/SI(TTT,Z2NKrTEMP(9,I)
TEMPCl,I)sTEMP(9,I)*DTMOOCI)
5004 TEMPC5, I)*TEMP(1»I)-LNRAO(4)*DTMOD(I)/ALR64
DO 4051 Js2,4
TEMP(J,I)«TEMP(1,I)
4051
GO TO 4040
DTMODRBDTMOD(1)/DTMOD(3)
00 60 IS JiPi,NC
DO 4054 J«l » 7
DT(J» J1)8DT(J, Jl)*DTHODR
TEMP (J+ It Jl)»TEMP(J,Jl)-DTCJf Ji)
,1)
4053
DO 4058 Jm\,B
DT(J,I)»TEMP(J,I)-TEflP(J-»-l,I)
GO TO 4040
IF (NGTl.LT.-S.OW.ITPERT.GT.l)
IF (ITPERT.EQ.O) GO TO 4055
ITPE«T*0
4054
6013
4040 DTTE*T|f:MPC4,I)-TEMP(brI)
IF (PTTE,GT,DTMOD(I)) DTTE n DTMOD(I)
IF (NR50PT.EQ.O) GO TO 40bO
TEMPC5, I)aAMINl(AMAXl(T5UP,TEMpt4,I)),TEMP(5,I)
DT(4,I)«TEMP(4,I)-TEMP(5, I)
DT (5,I)sTEMP(5» I) -TEMP (6, I)
4060 OELT1«DT(4, D/SEGTE
,5*DELT1TT1
TT2 TEMP(6»I)
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ALP1 s
ALP2 =
RKP1 a
RKN1 s
RKP2 B
RKN2 B
ZKP1 s
ZKP2 a
ALN1 s
ALN2 s
ZKNI a
ZKN2 =
ZKIUO.
ZKI280.
DO 20 J
AlPl -
ALP2 a
RKP1 o
RKP2 B
ZKP1 B
ZKP2 *
ALN1 B
ALN2 B
RKN1 s
RKN2 «
ZKNI B
ZKN2 «
0.
0,
0.
0.
0.
0.
0.
0,
0,
0.
0.
0.
»1, NSEG
ALP1
ALP2
RKP1
RKP2
ZKP1
ZKP2
ALN1
ALN2
RKN1
RKN2
ZKNI
ZKN2
ZKIlaZKll*SI(TTT,
ZKI2sZKl2+SI(TTT,
TT1 s TU + OELT1
TT2 • TT2 * OELT2
ALP1«ALP1/3E6TE
ALP2*A(_P2/SEGTE
ALNI«ALN1/SEGTE
ALN2«ALN£/SEGTE
ZKPUZKP1/SE6TE
ZKP2-ZKP2/SESTE
ZKNlPZKNl/SEGTE
ZKN2-ZKN2/SEGTE
RKPliRKPl/SEGTE
RKP2«RKP2/3EGTE
RKNI«RKNI/SEGTE
RKN2«RKN2/SEGTE
ZKllfZKll/SEGTE
* SI(TTT,Z3PA,
* SI(TTT,Z2PA,
+ S1(TTT,Z3PRK
*• SI(TTT,Z2PRK
* SICTTT,Z3PK
+ SI(TTT,22PK
+ SI(TTT»23NA
* SI(TTT»Z2NA
* SI(TTT,Z3NRK
* S I ( T T T » Z 2 N R K
+ 3 K T T T . Z 3 N K
+ S I ( T T T , Z 2 N K
Z K M I C l f TU,15,
Z K M I C 2 , T T 2 , 1 5 ,
TT1,
TT2,
t TT1
»TT2
»TT1
»TT2
,TT1
,TT2
,TT1
,TT2
,TT1
»TT2
IND,
INO,
1
1
,
i
t
r
f
i
i
t
t
,
1
1
5,
5,
15
15
15
15
15
15
15
15
15
15
» 1
,1
I
I
f
r
»
»
t
t
i
t
t
i
)
)
ND,I,
ND,1,
IND,1
IND,]
IND,
IND,
IND,
IND,
IND,
IND,
IND,1
INO,1
1 1 )
, i )
L,l)
1,1)
,1)
,1)
,1)
,1)
,1)
,1)
1,1)
L,l)
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405>S
2KI2*ZKI2/SEGTE
RHOPlsRKPl/ZKPl
RHOP2=RKP2/ZKP2
RHONlsRKNl/ZKNl
RHON2SKKN2/ZKN2
ALPH1 a SinTT,Z3PA,TEMP(4,I),l5,IND,l,l)
ALNH1 s SI(TTT,Z3NA,TEMP(4,I),t5,IND,l,l)
ALPH2 s SI(TTT,Z2PA,TEMP(5,n»l5,INO,i,n
ALNH2 a SI(TTT,Z2NA,TEMP(5,I),15,INO,1,1)
ALPC15SKTTT,Z3PA,TEMP(5,I),15,IND,1,1)
AUNCl«SKTTT,Z3NA,TEMP(5,I).15,INDf 1,1)
ALPC2asKTTT,Z2PA,TEMP(6,I),15,IND,l,l)
QPsTEHP(4rI)*(ALPHl+ALNHl)+TEMp(5»I)*(ALPH2+ALNH2-ALPCl-ALNCl)
CALCULATE OPTIMUM SEGMENTING RADIUS, RAOC5), IF SPECIFIED
IF (NRSQPT.EU.OJ GO TO 1061
RAO(b)s«AO(6)
IF (OT(5,I).LE,0.) GO TO
GO TO «063
TT2«1.0/(TT1+1.0)
RAD(S)s(RAD(6)**(TTl*Tl2))*CRAD(«)**TT2)
IF (HAD(5).LT.RAO(a),ORtRAD(5).GT.RAD(bJ)
4062 LNKAO(a)=ALOG(RAD(5)/RAO(«) )
LNRAO(«5)sALOG(RAO(6)/RAD(5})
4061 RHOP s (L,NRAOf5J*RHOP2 + UNRAD (4) *RHOP1 ) /ALR64
RHON s (LNRAD(5)*RHON2 t LNRAD (4) *RHON1 ) / ALR64
ZKTEP s ALR64/(LNRAD(5)/ZKP2 + LNRAD (4) /ZKP1)
ZKTEN s ALR64/(LNRAD(5)/2KN2 * LNRAO (4) /ZKM1 )
CALCULATE OPTIMUM ZLP IF NO VALUE HAS BEEN READ INTO Z(12)
GO TU (4042,4001,4002), IOUMZ
TT2sRHQN*ZKTEP/(RHQP*ZKTEN)
IF (TT2,6E,0.) GO TO 1096
INDJsO
NODUMPsS
GO TO 3112
ZLNLP=SORT(TT2)
IF (lVo.NE.2) GO TO 1097
ZKI»ALR64/(LNRAD(5)/ZK12+LNRAD(4)/2KI1)
ZLNLP*ZLNLP*SQRT((CONST6-ZKI/ZKTEN)/CCONST6-ZKI/ZKTEP)}
ZLN«2Ll*CONST6/(.5+.5/ZLNLPJ
ZLPsZLN/ZLNLP
ZLIP=2.0*ZLI/ZLP
CONST5el5,9593*ZLP
4001
4063
1096
4002
1097
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ZLTEiZLPNI+ZLIQGEN«QGENL*ZLTE
CQNST2sl5.9593*ZLTE
OPTZLP(I)»ZLP
OPTCPL(I)*ZLTE
OPTCPL(I+100)BYNC*ZLTE
RINT4*RCON4*ZLPN/ZLP
RINT6«RCON6*ZLPN/ZLP
CONRP«cQNSTl/ZLP
IF (ICRMDC ,NE. 0) GO TO «005
C1FEH«15.9593*DR(3)*(RAD(3)+RAD(4))/ZITE
C1FECM5.9593*OH(6)*(RAD(6)+RAD(7)>/ZLTE
GO TO 40U2
CALCULATE RADIUS OF CIRCULAR CONDUCTOR RING ELECTRICAL STREAMLINE
4005 RCHOTsAMINi(DR(3),ZLN,ZLP)
RCOLD-AMIN1(OR(6)rZLN,ZLP)
ClFEHs5.08*RAD(''»)*ALOG(3.1«159*RCHOT/ZLUl,0)
ClFECs5,08*RAD(6)*ALOG(3.iai59*RCOLD/ZLl+l,0)
CALCULATE COUPLE RESISTANCE
4Q42 RINTFHsRINTa*TEMR(a»I)*TEMP(tt,I)
RINTFC«RINT6*TEMP(6»I)*TEMP(6fI)
TFEC • TEMP(7,I) + ,5*OT(6,I)
TFEH « TEMP(«,I) * ,5*DT(3»I)
FERC « SI(TTT,RCRC,TFEC,15,INO,1»1)
FERH m SI(TTT,RCRH,TFEH,l5,lNOf1»1)
RFEHsFERH/ClFEH
RFEC»FERC/CIFEC
RN * CONRN*RHON
RP s CONRP*RHOP
RPNBRP+RN
TTEs,5*(TEHP(a,I)tTEMP(6,I))
RPPC8RpRHO*SI(TTT,RHP,TTE»J5,lNO»lf
QJfRFEH*RlNTFH+.5*RPN
RPC(I)«QJ*,5*RPN+RFEC*RINTFC+RPPC
CALCULATION OF THERMAL CONDUCTANCES
T8NHB TEMPC3,!) *.5*DT(2,I)
T8NC* TEMP(8,I) *.5*DT(7,I)
TCLDH • TEMP(2,I) t,5*OT(l»I)
TCLDC « TEMP(9,I) +.5*DT(8,I)
XZK(l) s SI(TTT»ZKIN,TCLDH,15,IND»1,1)
XZK(8)«SI(TTT,ZKSS,TCLDC,15,INO,If 1)
XZK(2)» SICTTT,ZKBN,TBNH,15,INQ»1»1)
XZK(7)e SI(TTT,ZKBN,TBNC,15,INO»lrn
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XZK(3)s(SI(TTT,ZKCRH, TFEHr 15, I NO, I, I ) *ZLPNI+SI (TTT , ZKMjC 1 , TFEH,
15,IND.1,1)*ZLI)/ZLTE
X2K(6)s(SI(TTT,ZKCRC,TFEC,15,lND,l,l)*2UPNI+SI(TTT,ZKMlC2,TFECr
15,lNO,l,n*ZLI)/ZLTE
ZK(l)sCONST2*XZ!<Cl)/LNRADU)
ZK(2)scUNST2*XZK(2)/(LNRAD(2)*(l,0+XZK(2)*CONST3))
2K(3)sCQNST2*XZK(3)/LNRAD(3)
Z K ( 4 ) s c O N S T 5 * ( Z L N L P * Z K N U Z K P l + Z L I P * Z K l l J / L N R A D ( 4 )
IF C L N R A D C 4 ) .LE.O.) ZK(4 )«1 .0E30
Z K ( 5 ) a r O N S T 5 * ( Z L N L P * Z K N 2 + Z K P 2 * Z L l P * Z K I 2 ; / L N R A O ( 5 )
IF (LNRAD(5) .LE.O.) ZK (5) «1 .OE30 '
Z K T E s Z K ( 4 ) * Z K ( 5 ) / ( Z K ( a ) * Z K ( 5 ) )
Z K ( b ) s c O N S T 2 * X Z K ( 6 ) / L N R A D ( 6 )
Z K ( 7 ) a r . O N S T 2 * X Z K ( 7 ) / ( L N R A D ( 7 ) * ( 1 . 0 * X Z K ( 7 ) * C O N S T « ) )
IF (ZKq.GT.O.) ZK (8) sZK (8) *ZK9*ZlTE/ ( ZK (8) +ZK9*ZL.TE
A U T l a ALPl+ALNl
AL12 s ALP2+ALN2
CALCULATION OF VOLTAGES AND CURRENT
VGC(I) « OT(a,I)*ALTi-»-OT(5f I)*ALT3
ITCONsMAXOdTCUN, 1)
QCsDTTE*ZKTE
GO TO (4047, 4048, 0049, 4044, 4 0 S O ) > NGT2
4047 C U K C D s O .
GO TO 4046
4049 KLPC(I)sRPc(I)
GO TO 4048
4050
1 QENO)))
GO TO 4048
4044 QT£sPCMULT*VOC(I3-VREQ
RLPC(I)Bl.oE30
IF (QTE.GT.O.) *LPC(I)
4048 CURd)sCURMOD(INOI)
IF (NGT1.GE,3.0«.INDI.E0.1) CUR ( I ) »VOC ( 1 ) / (RPC ( I ) +«LPC ( I ) )
4046 VPC(I)BVOC(I)-CUR(I)*RPC(I)
CALCULATE ENKRGY TERMS
Q T O M P 1 » C U R ( I ) * ( A L P H 1 * T E M P ( 4 , I ) - A L P C 1 * T E M P ( 5 , I ) - A L P 1 * D T ( 4 , I ) )
OTDMNl«CUR( I ) * (ALNHl *7EMP(4 , I ) .ALNCl *TEMp(5 , I ) -ALN l *DT(4 ,n )
Q T O M P 2 « C U R ( I ) * ( A L P H 2 * T E M P ( 5 , I ) . A L P C 2 * T E M p ( 6 , I ) » A L P 2 * D T ( 5 f I ) )
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QTQMN2BCUR( I ) * (ALNH2*TEMP(5 , I ) -ALNC2*TEMp(b , l }»ALN2*QT(5» I ) )
QTOM3QTOMNUQTOMN2 + QTQMP1+QTQMP2
IF (OTOM.GT.O. ) Q T O M a . 5 * Q T O M
QpsCURf I)*QP
QJsCUR( I ) *CUR( I ) *QJ
QTE8QP,OJ-QTOM»QGAM*C6AM
QIN«QC+QTE
PE(I) * VPC(I)*CUR(I)
CAUCULATE EFFICIENCY
QT(I)«Q1N*06AM
OOUT«OT(I)«PE(D
2KCOUDsl./(J./ZK(6)*l,/ZK(7)*l./ZK(8))
IF (OGEN.6T,0,.ANO.VREO,GT.O..AND.DGRF.EQ,0,) OIN»,5* (QGEN.QENO
1 +QIN)
CALCULATE TEMPERATURE DROPS AND NEW RADIAL TEMP. PROFILE
ZKDT«OIN/OC
ZKTEO«ZKTE*ZKDT
ZKEO(l)aZK(l)
2KEQ(2)aZKC2)
ZKEQ(3)sZK(3)
2KEO(4)«2K(4)*ZKOT
ZKEQ(5)»ZK(5)*ZKDT
ZKDTsQlN/QOUT
ZKEQ(6)aZK(6)*ZKDT
ZKEQ(7)»ZK(7)*ZKDT
ZK£0(8)aZK(8)*ZKDT
IF (ZKR.GT.O.) T£MP(9f I)«(ZKR*TREJ*OOUT*ZKECPC*TEHP(1,I))/
1 (ZKR+ZKECPC)
IF tRADC.LE,O..OR,INDI,E0.1.0R.NOPTIM,LT.«) GO TO 5008
5008 IF (OGEN.GT.O.) GO TO 5001
ZKDT«DTMODCI)/Ci.O/ZKHOT *1 ,0/ZKTEQ + QOUT/ (QIN*ZKCOLD) )
DT(1«I)«ZKDT/ZKEQ(1)
DO SOOfe Je2,8
J1»J»1
TEMPCJ, I)«TEMP(J1,I)"DT(J1,I)
5006 DT(J,I)»ZKOT/ZKEO(J)
TCON(lTCON)«ABS(l.-OSAVE/QTtD)
OSAVE*QT(I)
GO TO 5007
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CALCULATE HOT CLAD TEMPERATURE IF HEAT GENERATION RATE IS SPECIFIED
5001 ZKOTsQGEN-QEND
OH 500? Jsl,8
J9s9*J
DT(J9, l)sZKOT/2KEQ(J9)
5002 TEMP(J9»I)«TF.MP(J9+i»l)+DT(J9rj)
TCUN(ITCON)«2.*ABS(1.-QSAVE/TEMP(1.I))
QSAVEsTEMP(l,I)
OTMQD(I)sQSAVE-TEMP(9,I)
5007 IF (NODUMP.EO.O.QR.NODUMP.EQ.2) GO TO 3007
3112 WRITE (6,100) (CUT ( J) , Jsj ,25) , INOI , IT ( I ) , I
100 FORMAT (1H1,4X,2A4,1X, 18A4,2H ( , F2 ,0, 2 ( 1 H/, F2 .0) , 2H) ,2A4//
1 20X,19H CURRENT HERAT ION, 15, 23H, TEMPERATURE ITERATION,
1 Ib,UH, ON COUPLE* I5//11X,3HRAD, 11X,4HTEMP, 12X, 2HPT, 12X, 3HXZK »
2 13X,2HZK,12X,4HZKEQ,13X,5HLNRAO)
WRITE (6,3002) C J, RAD ( J) , T£MP( j, I ) , DT ( J, I ) , XZK (J) , ZK ( J) , ZKEO ( J) ,
1 LNRAD(J),J«1,8)
3002 FORMAT C 13, 1H. , 7615,5)
WRlTfc (6,3003) J,RAQ
3003 FORMAT ( 13, 1 H . , 3G1S.
WRITE (6,3004) 8(1) ,
WRITE (6,300U) B(5) ,
WRITE (6,300«) B(9) ,
WRITE (6,300a) «(13)
WRITE (6,3004) 8 (17 )
WRlTt (6,3004) 8(21)
WRITE (6,3004) B (25)
WRITE (6,3004) 8 (29)
WRITE (6,3004) B(33)
WRITE (6,3004) B (37 )
WRITE (6,3004) 8 (41 )
WRITE (6,3004) B(45)
WRITE (6,3004) 8 (49)
WRITE (6,3004) 8 (53)
WRITE (6,3004) B (57)
WRITE (6,3004) B (61 )
WRITE (6,3004) 8 (65)
WRITE (6,3004) B(69)
WRITE (6,3004) 8 (73)
WRITE (6,3004) B (77)
WRITE (6,3004) B (81 )
3004 FORMAT (2X, 4 ( A6» lHs,
IF (INDI,EO.O) WRITE
(J),TEMP(J,I),OTMOD(I)f ZK9,PCMULT,ALR64
5, 15X , 3G15.5//)
TF£H,B(2),7KPi,B(3)»RINT4,B(4),ZKDT
TFEC,B(6),ZKP2,8(7)f RINTfo,B(8),OSAVE
Ff-;RH,B(lO) ,ZKN1, 8(11) ,TCLOH, 8(12), OGEN
,FfcRC»H(l«)f ZKN2,B(l5) ,TCLDC»B(16),OGAM
, ALPl , 6 ( 18) , ZK 1 1 , B ( 1 9) , T8NH, 8 (20) , QTOMP1
, ALP2, 8(22), ZKI2,B(23),TBNC,B(24),gTOMP2
, ALN1 , 8 (26) ,ZK TEPt B (27 ) , OTMOD ( I ) » B (28) ,QTOMNl
, ALN2 , 8 (30 ) , ZKTEN, H (31 ) , DTTE , B ( 32) , OTOMN2
,ZKR »B(34) » ZKTfr: ,B (35) , TOL TEM, B (36) ,UTQM
, RHQP1 , B (38) » ZKTEOr 8 ( 39) , TCON ( ITCON) , B (40) »UC
,RHOP2,B(42) » ZKECPCr B (43) , ALT1 ,B (4fl ) , OP
,RHQN1,B(46)»ZLP»B(47), ALT2, B (48) , OJ
, RHON2. B (50) t 2LN, B (^1 ) , ALNH1 »B (52) , QIN
, RHOP, 8 (54) , ZLTE, 8 (55) , ALNH2, B (56) , GOUT
, RHON, 8 (58) ,RP, B (59) , ALNCl ,9 (60) , VpC (I )
, CONST 1 , B (62) » RN, B (63) , ALNC2, B (64) , RPC ( I )
,CONST2, 8 (fe6) »RFEH, B (67 ) , ALPHl ,8 (68) , VOC ( I)
,CnNST3,B(70),RFEC,B(71),ALPH2,B(7?),CUR(I)
, CONST4, 8 (74) , RINTFH, B (75) , ALPC1 , B (76) ,PE ( I )
, ZKHOT, B (78) , RINTFC » B (79) , Al PC2,B (80) , QTE
, ZKCOLD, B (82) ,RPPC, B (83) , RL.PC (1) , R (84) , UT ( I )
G 12.5, 10X) )
(6»3006)
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GO TO 6010
CURIUM MISSION CALCULATIONS
3006 FORMAT ( 1HO, 21 X , 66HTHIS CASE DUMPED, THEN SUPPRESSED BECAUSE OPTlM
1UM ZLP IS IMAGINARY)
IF (NODUMP.EQ.l. AND.ITCON.LT.il) GO TO 3007
WRITE (6,3008) (TCON( J) , Jsl , ITcON)
3006 FORMAT (10HO TCON a , 10 (F9.6, 1H, ) )
GO TO 4000
3007 IF (TCON(ITCON).GT.TOLTEM) GO TO 3009
IF (NODUMP.EQ.2) GO TO 3112
GO TO 4000
3009 IF (ITCON.LE.IQ) GO TO 4040
GO TO 3112
<*000 IF (NOPTIM.NE.S.OR.I.NE.l)
C - SET UP B.O.L. PARAMETERS FOR
IDUMZsl
QGEN»1,211*(QT(1)+QEND)
IF (INOI.EQ.1) GO TO 6010
NGT2e4
QEOL*PCMULT*(QaUT+QEND)
QBOLaPcMULT* (OGEN-PE (2) )
ZKDT«QHOL/OEOL
TRfcOL*TEMP(9,l)-RADK
TRBOL*(2KDT*TREOL**4-(ZKDT-1.)*TREJ)**.25
TEMP(9,3)*TEMP(9,2)
TEMP(9,2)aTR80L+ZKDT*RADK
ZKDT«TEMP(9,2)»T£MP(9,3)
DO 6012 J"l,a
6012 TEMP(J,2)«TEMP(J,2)*ZKDT
IF (NODUMP.EQ.O) GO TO 6011
WRITE (6,3004) 8 (85) , QEOL, 8 (86) , 080L,B (87) , TREOL,8 (88) , TR80L
WRITE (6,3004) B(89),PCMULT
6011 CALL PHONY(DP,JOUMP,0.)
6010 CONTINUE
RETURN
END
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BLOCK DATA
COMMON /DATIN/m(15),2KMICl(l5),ZKMIC2(15), ZKSS( 15), ZKBN (16) ,
1 2KIN(15),Z2NA(15),Z2NR(15),Z2NK(15),Z2PA(15),Z2PR(15),Z2PK(15),
2Z2NRK(15),Z2PRK(15),Z3NA(15),Z3NR(15),Z3NK(15),Z3NKK(15),Z3PA(1'3) ,
. „,. _ i g j , 23pK(i5)f 23pRK(15jf ZKCRH(l5)|zKCRC(15jf RCRHO5) ,RCRC(15)
COMMON /FDDAT/ALPHA(15,fl),RHO(l5,8),2KONn6,8),ZKSSlNrj6,3),
1 KFtTM(15,4),/KFETM(16,3),ZKMICA(16)
COMMON /TITLE/FETM(3),CASCAD(8,2),SSIN(3),CMT(25),CONO(3,5),TEMKF,
\ CRMO(?,2), I3N,I2N,13P,I2P
TEMPERATURE AT WHICH EACH PARAMETER IS EVALUATED (DEG.K)
DATA TTT /300.,350.,400.,450.,500.,550.»600.,650,,700. ,
1 750.,ftGO.,850.,900.r950,,1000./
SEE8ECK COEFFICIENT OF TE6S-3N MATERIAL (VOLTS/DKG.K)
D A T A AlPHA/ 8,b26E»05,lf058E-04,1.254E-04,l.aUE-Oa, l.f,56E-Oa,
3 2,254E-04,2,185E-04,2,009E-04,1.73bE-04,1.303E-04,
C SEtBtCK COEFFICIENT OF TEGS-2N AND GE-NL MATERIAL (VOL
1 2.3»6E-04,2,205E-04,1.977F-04,1.730F«04,1.464E-04,
C SEEHECK COEFFICIENT OF TEGS-3P MATERIAL (VQLTS/OEG.K)
1 5.Q15E-Q5,5.807E-05,8.974E-OS,1.140E-04,1,394E-04,
1 1.668E-04,1.911E-04,2.122E-04,2.281E-04,2.407E-04,
C SEtBECK COEFFICIENT OF TEGS-2P MATfRIAL (VOLTS/DEG.K)
1 4,940E-Ob,7,980E-05,1.102E-04,1.387E-04,1.748E-04 ,
1 2.090E-04,2,375E-04,2.594E-04,2,696E-04,2.726E-04,
1 2.708E-04,2,660E-04,2.594E-04,2.508E-04,2.394E-04,
C SEfc 'BECK COEFFIC IENT OF RCA-N8 M A T E R I A L ( V O u T S / O E G . K )
1 1.030t-04,1.210E-04,l,4lOE-04,1.610F-04,1.820E-04,
2 2.020E-04,2,230E-04,2.«50E-04,2.600E-04,2.660E-04,
.3 2,620E-04,2.530E-04,2.430E-04,2.300t-04,2.14oF-04,
C SEEHECK COEFFICIENT OF RCA Gfc-TE P-TYPE MATERIAL (VOLTS/DEG.K)
1 0,52E-04,0.78E-04, 1.05E-04, 1.35E-04, 1, 73E-Q4 , 2.05F--04 ,
1 2.38E-04,2.66E-04,2.83E-04,2.98E-04,3,11E-0^
1 3,09E-Oaf3.00E-04,2.19E-04,,48E-«/
c RESISTIVITY OF TEGS-SN MATERIAL (OHM-CM)
DATA RHO / .0002628, ,0003623, .0004967, .0006722, .0008992,
I .0011785, ,0015277, .0019206, .0023658, .0028198,
1 .0032476, ,0035880, .00377U, ,0037452, .0036142,
C RESISTIVITY OF TEGS-2N AND GE-NL MATERIAL (OHM-CM)
1 .0004132, ,0005932, .0008393, .0011702, .0015737,
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1
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1
1
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1
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1
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THERMAL
DATA
I
THERMAL
,0020823, ,0026552* ,0032685, ,0038738, .0043984,
,0046728, ,0047615, ,0046082, ,0042209, ,0037124,
ITY OF TEGS-3P MATERIAL (OHM-CM)
,0009940, ,0010799, ,0012395, ,0014972, ,0018408,
,0022090, ,0026753, ,0031539, ,0036939, ,0043811,
,0051542, ,0057310, ,0061360, ,0063814, ,0064428,
ITY OF TEGS-2P MATERIAL (OHM-CM)
,0004031, ,0005493, ,0007445, ,0009987, ,0013165,
,0017342, ,0022517, ,0028237, ,0035227, .0042400,
,0049482, ,0055656, ,0059923, ,0061739, ,0059469,
ITY OF RCA-NB MATERIAL (OHM-CM,)
ITY OF RCA GE-TE P-TYPE MATERIAL (OHM*CM)
3.7E»04,4,8E-04,6,8E-04,9.7E-04,13,8E»04,19.4E-04,
25,5£-04,32.8E-04,40.5E-04,48,5E-04,58.0Ew04,67,OE*04,
77,5£-04,86,OE-04,98,OE-04/
CONDUCTIVITY OF TEGS-3N MATERIAL (WATTS/CM ,/DEG ,K)
ZKON / ,0428220, ,0375516, ,0332035, ,0289872,
.0213451, .0181829, .0162065, ,0148889,
,0162065, ,0176558, .0191052, ,0210816,
CONDUCTIVITY OF TEGS-2N AND GE-NL MATERIAL
.0286942, .0244433, .0208299, ,0180668,
,0139220, ,0127530, ,0122216, ,0128593,
,0159412, .0178542, ,0204048, .0233805,
CONDUCTIVITY OF TEGS-3P MATERIAL (WATTS/CM,/DEC.K)
.0375000, .0305000, .0246000, .0199000,
.0130000, .0114000, .0110000, .0112000,
.0135000, .0166000, .0206000, .0265000,
CONDUCTIVITY OF TEGS-2P MATERIAL (*ATTS/CM./DEG.K)
.0428878, ,0348821, .0281344, .0227591, ,0182988,
,0148678, ,0130379, .0125804, ,0128092,
,0154396, ,0189850, .0235597, .0303074,
CONDUCTIVITY OF RCA-N(A) MATERIAL (WATTS/CM,/DEC.K)
0200,.0179,.0161,.0143,.0127,.0111,.0101,.00971,.00974,.0101,
06,,0113,,0122,,0133,,0147,,296,
CONDUCTIVITY OF RCA»P(A) MATERIAL (>»ATTS/CM,/DEG.K)
0345,.0270,.0222,.0189,.0156,,0135,.0118,.0108,.0103,,0103,
0109,.0128,.0181,.0303,.0653,.298/
CONDUCTIVITY OF 60RON NITRIDE (WATT/CM/DEG.K)
2KBN /.303,,301,.299,.296,.294,.291,.289,.286,.284
,.282,.279,.277,.274,,272,.270,,081/
CONDUCTIVITY OF IRON (WATT/CM/DEG.K)
.0250344,
.0150206,
.023058,,298,
(WATTS/CM/DEG.K)
,0157287,
,0141346,
,0260374,.298,
,
.0160000,
.0119000,
.035000,.298,
.0136097,
0400286,.298,
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DATA ZKFETM /. 725, ,69ft, .664, .635, .608, .574 , .540, .510, .479
1 ,.449,.420,.390,,360,.335,.313,,280,
C THERMAL CONDUCTIVITY OF TUNGSTEN CmATT/CM/DEG.K) * TPRC DATA
2 l,78f 1,70, 1. 62, 1.^6, 1, 5 1,1 . «fe,l,41,1,3 f, 1. _3a
3 ,1.31,1,29,1.26,1,24,1.22,1,20,,700,
C THERMAL CONDUCTIVITY OF MOLYBDENUM (W ATT/CM/DfcG,K) » TPRC DATA
4 1.37,1,35,1.33,1.31,1,30,1,27,1.26,1.24,1.22
5 ,1,20,1.19,1.17,1.15,1.14,1.13,,368/
C RESISTIVITY UF IRON (OHM*CM)
DATA RFETM / 1.15E-5,1,40E-5,1.73E-5,2.08E-5,2.52E-5,
1 2.97E-5,3.52E-5,4.12E-5,4.88E''5,5.60E-5,6.34E-5,7.lOE-5,
2 7.91E-5,8.80E»5,9.82E-»5,
C RESISTIVITY OF TUNGSTEN (OHM*CM) TPRC DATA
3 5.00E-6,6.25E-6,7.50E-6,8.70E«'6,1.00E-5,1.12F-5,1.25E*5,1.38
4 E-5,1.53E-5,1.67E-5,1.82E-5,l,98E-5,2,15E*5,2,29E-5,2.43E-5,
c RESISTIVITY'OF MOLYBDENUM (OHM*CM) TPRC DATA
5 5.50E-6,6.50E-6,7,50E»6,8.50E-6,9.50E-6,1.04E-5,1.13E-5,1,25
6 E-5,1.37E-5,J.47E-5,1.58E-5,1.69E-5,l.BOE-5,l,90E-5,2.0QE-5,
C RESISTIVITY OF NICKEL (OHM*CM) '
7 ,000011,.000013,,000015,,0000173,.0000198,.00002261 .0000257 ,
8 .000029,.0000319,.0000346,.000037,.0000392,,000041, ,0000427,
9 ,0000a4/
c THERMAL C O N D U C T I V I T Y OF STAINLESS STEEL C W A T T / C M / D E G . K )
D A T A 2KSSIN /,145,,157, . 165,.172,.179,.184,,192,.198,.2Qb
I , .212,,219,,225,.232,.239,.2<»fa,,283,
C THERMAL CONDUCTIVITY OF INCONNEL (wATT/CM/OEG,K)
3 .117,.126,.U5,.143,.152,.161,.170,.179,,188
1 ,.197,.205,.215,.223,.230,.240,.296,
C THERMAL CONDUCTIVITY OF T-lll (TPRc PURDUE UNIV.)
1 ,a 18,.431,.439,.452,.464,,481,,490,.502,.515,.527,.540,,552,
2 ,565,,577,,586,,600/
C THERMAL CONDUCTIVITY OF MICA C*ATT/CM/OEG.K)
DATA ZKMICA /,0290,,0310,.0330,.0342,.0336,.0306,.0282,,0268,.0262
1 ,,0262,.0268,.0268,.0268,.0268,.0268,,105/
DATA CASCAD/4HTEGS,4H GE ,2*4HTEGS,2*4H«CA-,2*1H ,4H 3N ,4H NL >
1 4H 3P ,4H 2P ,4H N ,4H P ,2*1H /,COND/4HOPEN,4H CIR,4HCUIT,
2 4H FIX,4HED L,4HOAD , 4HMATC , 4HHED ,4HLOAD,4HFIXE,4HQ V-,4HLOAD,
3 4HOPTI,4HMUM , 4HLOAD/, FETM/2HFE, 1HW, 2HM[)/, SSIN/2HSS, 2nIN, 2HT A/,
4 CMT/25*4H****/,CRMD/4H CIR,4HCUIT,4H MOD,4HULE /
END
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SUBROUTINE OPTIM(ISECT,IRTRN)
DIMENSION VPL(4,5),OMHD(4),DRCP(2,2),PDWT(2,4),VPL1(3),PWCT(4)
i ,VRL(5),DRCP1(2),SKP(12J
COMMON /MODOPT/IPDWT, DR4,DRlNcR,IRITE,DRTE,JOPTIM,IZ9,IENDK,IPUN,
i RiiNC,ROiNc,RiMAX,R9MAX,DTMiN,QREQ,THINC,TCINC,TCMAX,THMAX
2,NPERT,ZNPERT,CKFP,CKFT,CTEOC»CTEIC,DELTLrRLPERT,RLMAX,ZNMIN,Z9SAV
COMMON /TITLE/FETM{3),CASCAD(8,2),SSIN(3),CMT(25),COND(3,5),TEMKF,
1 CRMD(2»2),I3N,I2N,I3P,I2P
COMMON /MDCPOP/RAD(9),DR(8),TEMP(9,300)»VOC(300),RPC(300),PE(300),
1 QT(30Q),NOPTIM,VPCC300),RLPC(300),DTMOD(300),CUR(300),LNRAD(9),
2 ZLP,ZLN,ZLI,ZLNLP,ZLPNI,ZLTE,NGT1,NGT2»ITPERT,PCMULT,NODUMP,IVD,
3 QGEN,QGENL,QTEfQOUT,ZID,ZOD,ZKEND,ZK9,ZKR,RPPC,RPN,TOLTEM,TR£J,
4 VREQ,pEREO,ZLREQ,WTCdN,ZLPN,lDUMZ,RN,DGRF,DGTRF,DGLRF,RADK,JDUMP,
5 DP(30),NC
DATA VPL/4H V,4HOC ,4H (VO,4HLTS),4H CUR,4HRENT,4H (AM,4HPS) ,
1 4HCKT.,4HLEN.,4R (I,4HN.) ,4H RL,4HOAD ,4H (OH,4HMS) ,4H RL«
2 4HUAD ,4H(M-0,4HHMS)/,PDWT/4HPDEN,4HW/CC,4H WT.,4HLBS.,4H CUR,^HA
3MPS,4H T5 ,4HDEG./,OMHD/3H M-,1H ,1HC,1HH/,DRCP/4H DR5,4HDRTE,
4 4H NO.,4HCPLS/,SKP/1H ,1HO,8*1H ,1H*,1H*/
EQUIVALENCE (VPL1(1),OCV),(VPL1(3),ZCIR)
REAL LNRAD
IF (ISECT.EO,2) GO TO 3051
• INITIALIZE VARIABLES USED IN OPTlMZATION ROUTINE
IF (JOPTIM.NE.OJ GO TO 4014
JOPTlMrl
IPERTso
PCPERTsNPERT
PCSAVsPCMULT
RLOADsPCMULT*RLPC(l)
IRIT£=4
C IVD»1, TEMPERATURE PARAMETRIC WITH SPECIFIED GEOMETRY
C IVD«2, TEMPERATURE PARAMETRIC WITH SPECIFIED LENGTH AND VOLTAGE
c ivo«3, TEMP. PARAMETRIC WITH SPECIFIED LENGTH AND NO. OF COUPLES
C IVD*4, PARAMETRIC ON NO, COUPLES WITH SPECIFIED VLOAD AND LENGTH
C IVD«5, PARAMETRIC ON NO. COUPLES WITH SPECIFIED VLOAD AND POWER
RLOMslOOO.
IDRCP-2
IPDWTsi
ISKPi2
ZCIR«PCMULT*ZLTE
C - INITIALIZE PARAMETERS FOR CURIUM STUDY CALCULATIONS
NOP28NOPTIM/2
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IF (NOP2.NE.2) 60 TO 6000
OCVeO.
QsO,
IF (NapTIM.EQ.b) NC*2
IVPL=3
IVRLsl
TREJsTREJ*TREJ*TREJ*TREJ
OGTRf-si ,/OGTRF
TEMP(1,2)«TEMP(1.1)
ISKP*2
IPQWTs?
GO TO 4009
c - INITIALIZE PARAMETERS FOR LOAD CURVE CALCULATIONS
6000 IF CRLMAX.LE.O.) GO TO 4000
1SKP=1
IF (RLHAD.LT.l,; SO TO 3999
«LOM=1.0
3999
IRLP=1
IF (RLPERT.LE.O.) RLPERTaRLSAV
IF t(RLMAX-RLSAV)/RlPERT.GT.200.) GO TO 4009
GO TO a009
IF (ZLREQ.LE.O. J 60 TO 3998
1VO»3
ZCIRsi
3998 IF (VREO.LE.O.) GO TO 4002
RLPC(1)S0.
IF (NPFRT.LE.O) GO TO 4002
IPOWTS3
RLPC(l)sl,OE10
IF (PEREQ.LE.O..AND.OREO.LE.O.) GO TO 4002
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IVD»5
PCPERTsl,
CUREQsPEREQ/VREG)
IVRL«5
IVPL«2
,0.) GO TU 4004
,2) IR5PRT«1
GO TO
FOR
4009
TEMPERATURE
IF (NGT2.GE.4)
IVPLal
IF (IVRL.EQ.l)
IR5PRT«2
IF (DRINCR.LE.
IF (NOPTIM.NE
IPDWTs4
IDRCPsi
GO TO 4009
4004 IF (NOPTIM.NE.3)
c - INITIALIZE VARIABLES
TCINC«13,89
THINCsTCINC
THMAXciTEMP(l,l)*THINC
TCMAXsTEMP(9,l)+TClNC
TEMP(1,I)aTEMP(1,1)-THING
TEMP(9,1)-TEMP(9,1)«TCINC
TlHQTsTEMP(l,l)
TlCOLDaTEMP(9,l)
IF (IPUN.EQ.l) WRITE (7,101) (CMT(J),J»3,23)
FORMAT (17A4,A2,1X,F2.0,2(1H/,F2.0))
Js38
IF (THMAX.EQ.O) GO TO 4038
IB(THMAX-T1HOT)/THING*!.
IF (NOPTIM.GT.3) Ia2*I
DERIVATIVE CALCULATIONS
4009
101
4038 LCNTM«AMAXO(2, J)
ZLNSAVsZLN
ZLPSAVsZLP
c * INCREMENT o.o. IF INITIAL VALUE VIOLATES MINIMUM T/E THICKNESS
4014 IF (ISECT.EQ.3) GO TO 4023
WRITE (6,100) (CMT(J),J»1,25),CASCAD(I3N,2),CASCAD(I2N,2),
1 CASCAO(I3P,2),CASCAO(I2P,2)
100 FORMAT (1H1,4X,2A4,1X,18A4,2H (,F2.0, 2(lH/,F2.0) ,2H) ,2A4/
1 47X,1H(,A3,1H*,A3,1H,,A3,1H-,A3,1H))
WRITE (6, 4010) ZIO,ZOO,OR(1),ORTE,OR(8)
4010 FORMAT ( 13X, 4HI .0. , 8X, 1 H», F8.4,4H IN. , 45X, 4HQ.D. , 8X» 1H« ,F8 ,4,
14H IN./26H INNER CLAD THICKNESS «,F8,4,4H IN. ,9X,6HORTE s,F7.4,
2 4H IN.,10X,22HQUTER CLAD THICKNESS e F-8,4,4H IN. )
IF (ZCIR.LE.O.) GO TO 4061
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ZLPNIsZLP+ZLN+ZLl
»)TaWATE(P)
J = l
IF (wTcON.GT.O.) J = 2
IF (NGT2.NE,2,0*.RLPERr,GT.O.) GO TO 4Q4Q
1=2
IF (RLtlAU.GE.l,) 60 TU 4045
4U4b WRlTt (6,4041) 2C IR» RLUAD , OMHD C I) f CRMD C 1 , J) r CRMD I?, J) , WT
4041 FQWMAT (10Xr 16HCI«CU1T LENGTH «,F8,3,4H IM. , feX , 7HRLOAD a,F9,3»
1 A3,4HOHMS, 11X,2A4,9H WEIGHT »,F8.3»5H LgS.)
GO TtJ a042
4040 WRITE (6,4043) 2C XR» (COND (I v NGT2) » !•! » 3J »CRMD(1 r J) rCKHp (2« J) » WT
4043 FORMAT ( 1 OX , 16HC IRCUIT LENGTH «,F8.4,4H IN. , 1 1 X, 3A4, 1 8X i 2A4,
1 9H WEIGHT srF8,3,5H L8S.)
GO TD a042
4061 IVPL=3
WRITE (6,4063) (COND ( I , NGT2) , Is 1 , 3)
a063 FORMAT (49X,3A4)
404^ WRITE f6,4044) ORCPtl » IDRCP) » f VPL (!• IVPL) . I«l , 2) , ( VPL f I . I VRU •
1 1=1,2), (CRMO(l,IENDK),Iel,2),PDWT(l,IPDWT),TEMKF,TFMKF,DRCP(2,
2 IDRCP), CVPLC I» IVPL),I=3,4), ( VPL (I , I VRL) , 1=3, 4) , PDWT (?, IPDWT)
4044 FORMAT (17HO THOT TCOLO, 4X , A4, 1 4H ZLN ZLP, 4X , 2 A4 , 2X ,
1 2A4,4x,30HRGfcN VLOAD P-OUT Q, A4 , 5X , 3HET A , A2, 6X , A4/
2 2(7H (DEG,, A1,1H)) ,3X,A4,18H (IN.) (IN.) ,2A4,2X,2A4,
3 54H (M-OHMS) (VOLTS) (WATTS) (WATTS) (PCT.) (»A«,IHJ)
LCNTsQ
IZLPsl
ITHlNCsl
ITCINC*0
{-.TAMAXaO.
RETURN
3051 IF (NOP2.NE.2) GO TO 6001
ITPERT=2
- ITERATE ON NO, OF COUPLES AND ZLN FOR CURIUM MISSION CALCULATIONS
NGT2«5
QGENsO.
IRTRNs?
P«PCMUtT*PE(l)
VLD*PCMULT*VPC(1)
IF ((ABS(1,-OCV/VLD)+ABS(1.-(J/P)) .LT..01.0R.IPERT.GT.10) GOTO 4001
IPERT*IPERT+1
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PCMULTsIFIX(VREQ/VPC (1))+1
ZLNc(pEREQ*ZLPN/(PE(l)*PCMULT*(l.+U/ZLNLP))+ZLN)*,5
OCVsVLD
QaP
IF (NOPTIM.E0.4J TEMP(1,2)«TEMP(1,1)+20.
DsDGLRF*EXP(166lfe.*(DGTRF-i./TEHP(l»2))>/ZLN
DaAMINl (D, ,75)
DP(12)sD*(RPCCNC)+DP(12)*(RPC(NC)-RN))/(RN*U.»D))
IF (NOPTIM.EQ.5) DP(12)sO.
CALL PHONY (DP, JDUMP, 100000.)
RETURN
6001 QCV«PCMULT*VOC(1)
IF CIVD.EQ.I) 60 TO 4001
IF (IZLP.NE.2) GO TO 4035
TQLTEM«10,*TQLTEM
GfJ TO 4001
4035 TOLT£M«0.1*TOLTEM
IZLP*2
IRTRN«2
IF (IVO.EQ.2) GO TO 4028
4027 IF (PEREQ.LE.O.) GO TO 4018
IF (OCV.LE.VREO) GO TO 4029
ZLNsZLN/(l.+(VQC(l)-VREQ/PCMULT-CUREQ*RPC(l))/(CUREQ*RPN))
IF (ZLN.GT.o.) RETURN
PCMULTsPCHULT+1
GO TO 4037
4018 IF (UREQ.GT.O.) ZLREQe (QREQ-ZKEND*OTMOO ( 1 ) ) *ZLTE/QT ( 1 )
ZLNa(ZLREQ/PCMULT-2.0*ZLI)/Cl.O+1.0/ZLNLP)
4020 IF (VREQ.LE.O.) RETURN '
CALCULATE MINIMUM NO, OF COUPLES TO ACHIEVE SPECIFIED LOAD VOLTAGE
IF (P.LE.O,) GO TO 4029
RLPC(l)aVREO*RPC(l)*ZLP*ZLNLP/tP*ZLN)
RETURN
40"29 PCMULTmIFIX(VREQ/VOC(l)+2,0)
TOLTEM«10.*TOLTEM
IZLP-1
RPPCwRpPC/PCMULT
RPC ( 1 ) aRPC ( 1 ) -RPPC*PCMULT+RPPC
4037 OCV8PCMULT*VOC(1)
PE(1)«VREQ*(OCV-VREO)/(PCMULT*PCMULT*RPCC1))
RLPC(1)«VREQ/CPCMULT*CUREO)
GO TO 4027
CALCULATE NO. OF COUPLES TO ACHIEVE SPECIFIED LOAD VOLTAGE
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4026 PCMULT = IFIX(VRKO/VPC(U-U.O)
ZLNs(ZL«tQ/PCMULT»2.0*ZLI)/ (1.0+1, OX ZLNLP)
RETURN
4001 TEHPHFsDK2FK(TfcMpn,lJ)
TEMPCF=DK2FK( TEMP (9,1))
IF (IZLP.EQ.2.0R.DELTL.EQ.O.) QO TO 4064
CALCULATE TOTAL LENGTH TO ACHIEVE SPECIFIED CLAD MISMATCH
iZLP*2
IRTRN«2
ZCIR= DELTLX(CTEIC*(TEMPHF*70.)-CTEOC*(TEMPCF-70.))
IF ULREQ.GT.O.J ZCIR«ZLREU
PCMULTsIFIX(ZClR/(ZLNSAV*(1.0*l,0/ZLNLP)+2,0*ZLI))+l
ZLNs(ZcI»«/PCHULT-2,0*ZLl)/(1.0+1.0/ZLNLP)
RETURN
IF ( E T A O . L T . E T A M A X ) 60 TO 4015
ZCIR*ZLJE*PCMULT
RLUADapCMULT*RLPC(l)
VRL (l)sPCMULT*VQc(l)
DRCP1 (] )slOO.*DRt5
DRCP1 (2)sPCMUL,T
VOL1 s 51.48*ZClR*RAD(l)*RAD(n
Vl,DsPCMULT*VPC(l)
UHMspCMlJLT*RPCU)
UaPCMUi.T*OT(l)
VPL1 (2)«CUR(1)
IF (lPnWT.EO.2) PWCT(IPDwT)sWATE(QMOD)
PWCT(3)aCUR(i)
PWCTC4)aOK2FK(TEMP(5,l))
IF (NOPTIM.NE.2J 60 TO 400i
ETAMAXaETAO
PWCT(l)mZLN
60 TO 4017
4015 ZL,P
ZLN*pwnnn
ETAOsETAMAX
4003 QMQDsQ4-ZKENP*DTMQD(l)
PWCT(l)sQMQOXVOLl
IF (IPUN.EQ.3) *RITE C/,40b5) TEMPHF, TEMPCF, QMOD, DCV, VtD, CUR (1) ,
1 (CMT(j),Js21,23)
4055 FORMAT (7HREF MOO,12X,2F7.1»F8.2,3F8.4,F8.2,3A2X1H )
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IF UPUN.EG.U WRITE (7,4050) ZID,zoo,TEMPHF,TEMPCF,ZCIR,VLD,OHM,
i ETAO,P
4050 FORMAT (I X,2F7.3,2F7,1,5E10.3)
IF (NOPTIM.NE.3) GO TO 4031
JOPTIMsJOPTIM+1
VOC(JOPTIM)«OCV/(OTMOO(1)*CKFT)
RPC(JQPTIM)sOMM
QT(JOPTIM)8DTMOD(1)*CKFT/QMOO
4031 LCNT«LCNT*ISKP
IF (LCNT.LE.LCNTM) 60 TO 4033
WRITE (6,100) (CMT(J),J81,25),CASCAD(I3N,2),CASCAD(I2N,2),
1 CASCAO(I3P,2),CASCAD(I2P,2)
WRITE(6,4010) ZIO,ZOO,DR(1),DRTE,OR(8)
IF (RLOAD.LT.l.) 60 TO 4034
RLOMal.O
VRL(4)sRLOAD
4034 WRITE (6,4044) DRCP ( 1 r IORCP) , (VPL ( I i IVPL) , I si , 2) , ( VPU ( I r I VRL ) »
1 1=1,2), (CRMD(l,IENDK),l8l,2),pDWT(l,IPOWT),TEMKF,TEMKF»DRCP(2,
2 lDRCP)f (VPL (If I VPL), I »3, 4), (VPL(I,IVRL),I«3,4),PDWT(2»IPDWT)
PCPERTs2.0*PCPERT
4033 WRITE (6,4011) SKP ( ISKP) , TEMPHF» TEMPCF, DRCP1 ( IORCP) , ZLN, ZLP,
1 VPL1 (1VPL),VRL(IVRL),OHM,VLD,P,OMDD,ETAO,PWCT(IPDWT)
4011 FORMAT (Al , F7 , 1 , F9. 1 , F7 .0, 2F8.4» 2F10.3, 3pF10, 3,2 (OPF10.3) ,
1 FIO,1,2PF10.4,OPF10.3)
UCNT-2
GO TO (6005, 4016, 4025, 6006, 6002)»NQPTIM
C - WRITE 8,0. L. PARAMETERS FOR CURIUM MISSION CALCULATIONS
6002 WRITE (7,4050) ZIO, ZOO, TEMPHF, TEMPCF, ZClR» VLDf PWCT (2) , FTAO» P
TEMPHFsDK2FK (TEMP (1,2))
T£MPCF«DK2FK(TEMP(9,2))
OCV«PCMULT*VOC(2)
OHMalOOO.*PCMULT*RPC(2)
VLOaPCMULT*VPC(2.)
P»PCMULT*PE(2)
QMOO«PCMULT*QT(2)*ZKEND*DTMOD(2)
ETAOfP/QMOD
Q'QMOO/VOLl
WRITE (6,6003) SKP (IPERT) , TEMPHF , TEMPCF >0» Or PWCT (2) , OCV, OHM,
1 P,QMOD»ETAO, IPERT
6003 FORMAT (1 X, Al ,F 1 1 . 1 , F9. 1 , 2PF6. 1 , OPF8.2, F9.2,F 10.3,F9. 1 , F10.2,
6 F10.1,F11.1,2PF9.3,I6)
CALL PHONY(OP, JOUMP, 100000.)
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GO TO 4025
6006 WRITE (6,6008) 0,PwCT(1),P*CT(2),
6006 FORMAT (22X,2PF6.1,OPFB.2,F9.2,59X, 16)
IPERT*Q
GO TO 4025
6005 IF (RLMAX.LE.O.) GO TO 4017
C - INCREMENT LOAD RESISTANCE, IF SPECIFIED (Z (47) ,GT .0.)
ITHINC*!
GO TO (5001, 50Q«?, 5003) , IRHL
5001 IF (RLPCU).UT.KPC(l)) 60 TO 5003
RSAV=RLPCtl)
NGT2»3
RETURN
N'GT2«2
RLPCd J-RSAV
5003 Pa9.99*RLP£RT
IF (IRtP.EQ.l.ANO.RLPC(l) .6E.P) RLPERT*10. *RLPERT
IF (RLPC(l).LE.Wt-MAX) RETURN
R L P C C U » R L S A V
LCNTs5o
IVRL*5
IRMLsl
IF (IRLP.EQ.l) RLPERTsRLSAV
GO TO 4025
4017 IF (DRINCR.LE.O.) GO TO 4021
C - INCREMENT DR(4) IF SPECIFIED (NZ (32).GT.O.
DR(4)eoR(4)+ DRlNCR*ORTE
RAD(5)sRAO(4)+OR(4)
DR(5)»RAD(6)-RAO(5)
IRTRN*3
IF (DR(4).GT.DRTE) GO TO 4008
LNRAO(4)=ALOG(RAD(5)/RAD(4))
LNRAD(5)*ALOG(RAD(6)/RAD(5))
RETURN
4008 IF (NOPTIM.E0.2) GO TO 4003
WRITE (6,4011) 3KP(2)
4016 DR(4)=pR4
D-76
Astronuclear
^ Laboratory
RAD(5)sRAD(4)*D«(4)
DR(5)*RAD(6)-RAD(5)
ETAMAXsO.
4021 IZLPM
IF (NPERT.LE.O.) 60 TO 4025
C - INCREMENT AXIAL DIMENSIONS, IF
IF (PCSAV.GT.l) GO TO 4051
C - INCREMENT NUMBER OF COUPLES IF
IF (IPUN.EQ.2) WRITE (7,817)
SPECIFIED (NZ(26).GT.O)
PCMULT (NZ(i2)).LE.i)
(CMT(J),J»3,15),PCMULT,PCMULT,ZLN,*LP
817 FORMAT (13A4,1H,F4.0,8M COUPLES/6H 1 112,F6.0/6H 2 111,2612.5)
PCMULTsPCMULT+PCPERT
IF (ZLN.GE.ZNMIN.AND.PEREQ.LE.O.) GO TO 4026
IPERTMPERT+1
IF (CUHEQ.GT.O.) RLPC(1)-VREQ/(PCMULT*CUREQ)
IF (IVD.GT.4.ANO.IPERT.LE.NPERT) GO TO 4036
PCMUUTaPCSAV
WRITE (6,4011) SKP(2)
GO TO 4025
4026 Psl,/(l. + QTE*ZLTE*RLPC(l)*PCPERT/(RPC(l)*PCMULT*(ZLTE*C)T(l)".2,**LI
U(QT(1)-QTE))))
4036 IZLPal
IRTRN»2
RETURN
C * INCREMENT ZLN, IF SPECIFIED
4051 IF (IPERT.LE.NPERT) GO TO 4052
IPERTPO
ZLN»ZLNSAV
ZLP*ZLPSAV
WRITE (6,4011)
GO TO 4025
4052 IPERT«IPERT+1
ZLN»ZLN+ZNPERT
ZLP'ZLP-ZNPERT
IF (ZLP.LE.O.) GO TO 4023
IRTRN»2
RETURN
4025 ITPERTol
DTMOD(3)«DTMOD(1)
IRTRN«3
IF (THINC.LE.O.) GO TO 6004
C - INCREMENT HOT CLAD TEMPERATURE, IF SPECIFIED
6009 TEMP(1,1)«TEMP(1,1)«-THINC
D-77
ISKPsl
IF (TEMP(1,1).LE.THMAX) RETURN
TEMPU, 1)«T1HOT
.
6004 IF (TCINC.LE.O.) GO TU 4023
C - INCREMENT COLO CLAD TEMPERATURE, IF SPECIFIED
TEMP (9, l)«TEMP(9, D+TCINC
IF (TEMP(9,1).GT.TCMAX) GO TO 6007
IF ((TEMPM,l)-TEMP(9,n),GT.DTMIN) RETURN
IF ( (THMAX-TEMP(9, 1) ) .GT.DTMIN) GU TU 6009
6007 TEMP(9,l)sTlCOLO
*CIR=0.
C - INCREMENT OUTER T/F HASHED THICKNESS
IF (TEMPCi, 1) .GT.THMAX) GO TO 3062
IF (IZ9.EQ.1) GO TO 4019
IF (DR(5).GT.R9MAX) GO TO 3062
IRTRNsfl
RETURN,
C - INCREMENT OUTER DIAMETER
4019 RADC9)«RAD(9)+ROINC
IF (RAl>(9) .GT.R9MAX) GO TO 3062
IRTRN*6
RETURN
C - INCREMENT INNER DIAMETER
3062 RADC1)*RAD(1)+RIINC
IF (RAD(l) .GT.RlMAX) GO TO 4024
IRTRN»7
RETURN
4024 IF (NOPT1M.NE.3) GO TO 4030
CALCULATE AND WRITE TEMPERATURE DERIVATIVES! IF SPECIFIFD
Ps2/.78*CKFT
VOC(2).(VOC(7)-VOC(5))/P
VOC(4)s(VOC(9)-VOC(3))/P
RPC(2)s(RPC(7)-RPC(5) J/P
RPC(4)s(RPC(9)-»«PC(3))/P
QT(«)s(OT(9)-QT(3))/P
^RITE (6,4074)
4074 FORMAT ClHO/15bX,34HCAlCULATED TEMPERATUHg DERIVATIVES)
WRITE (6,4071) OMHO(4), VOCC2), TEMKF,TEMKF
4071 FORMAT(1HQ33X,6H0AL/*T,A1,2H B,E13.4,12H VOLTS/DEG. , A 1 , 5H/DEG. A 1)
WRITE (6,4071) OMHD(3) , VOC(4),TEMKF,TFMKF
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WRITE (6,4072) OMHD(4),RPC(2),TEMKF
4072 FORMAT(1H033X,6H*RG/*T,A1,2H »,E13.4,11H OHMS/DEG.»Al)
HRITE(fe,4072) 0«HD(3),RPC(4),TEMKF
WRITE (6»4073) OMHO(4)fOT(2),TEMKF,TEMKF
4073 FQRMAT(iM033X,6H»TI/PT,Al,2H »rEl3,4,6H DEC.,Al,10H/WATT/OEG. ,A1J
*R1TE (6,4073) OMHD(3),QT(4),TEMKF,TEMKF
TEMP(l,l)«TEMP(l,l)+THINC
TEMP(9,1)«TEHP(9I1)*TCINC
4030 IRTRNal
RETURN
END
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SUBROUTINE LIFE(OP)
COMMON /MDCPOP/RAD(9),DR(8),TEMP(9,300)»VQC(300),RPC(300),PE(300),
1 QT(300),NOPTIM,VPC(300) , RLPC (300) , DTMOO (300) , CUR (300) , LNRAD (9) ,
2 ZLP,ZLN,ZLI,ZL.NLP,ZLPNl,ZLTE,NGTl,NGT;?f ITPERT,PCMUI T, NDDUMP,IVU,
3 QGEN,QGENL,QTEf QDUT,ZID,ZOD,ZKEND,ZK9,ZKR,RPPC,RPN,TOlTEM,TREJ»
4 VREQ,PEREQ,ZLREQ,WTCON, ZLPN, IoUMZ,RN, DGRF, PGTRF, DGLRF, RADK , JDUMP,
5 DP(30),NC
COMMON /MODCPL/CURMnD(15), IT (300) , DTTE , CONRN, CONRP, ll IP, ZNC ,
1 ALKba, MAXTEM,QGAM f CGQM»INOI,RlNT4,RINT6,RCON«,RCONb,ClFF.H,ClFEC,
2 CONST lrCUNST2,CONST3,CONSTa,CONST'j,NR'50PTrSEGTE,ICRMDL.R ADC
COMMON /MODOPT/IPDHT, ORa.QRINcRr IHITE , DRTEr JOPTIM, IZ9 , IENQK , I PUN,
1 RIIMC, RO INC »R1 MAX, R9MAX,DTMIN, OREO, THING, TCINC»TCM AX, THM AX
2,NP6«r,ZNPERT,CKFP,CKFT,CTEnc,CTElC,DELTL»RLPFRT,RLMAX,ZNMIN,Z9SAV
COMMON /TITLt/FETM(3),CASCAD(8,2),SSIN(3) ,CMT(25) , COND (3, 5) , TEMKp ,
1 CRMD(2,2),I3N, I2N, I3P,I3P
COMMON /MDLIF/HRS,HRINC,HRMAX,HFLF,RADPCT, ITCR,ITHQ
DIMENSION CIRMODC2)
DATA CIRMOQ/4HCIR ,aHM()D /
QEPC = ZKEND * PTMODU)/PCMUI_T
IF (JOPTIM.NE.O) GO TO 110
JQPTIM=1
THSAV«TEMP(1,1)
TCSAV=TEMP(9, 1)
WRITE (6,100) (CMT(J)rJ>l* 25)
100 FORMAT (1H1,4X,2A4,1X,18A«,2H ( , F2. 0, 2 ( J H/ , F2 . 0) , ?H) ,?Aa)
WRITE (6,101) CIRMGD(IENOK),CIRMOD(IENDK) ,TEMKF,TEMKF
101 FORMAT (//92HO TIME THOT TCOLO RLOAD R6EN
1 VOC VLOAD CURRENT POHER 0-,A«,7H ETA*,A1/
2 9X,bHHOURS,2(8H OEG . , A 1 ) , 2 (9H M-OHMS) , 2 (9H
3 9H AMPS ,2(9H WATTS), 9H PCT,/)
IF (ITHO,EQ,1.ANO.HFLF.EQ.O.) r,0 TO 102
QBOU*QT(1)+OEPC
QGtN=Q80L
102 IF (ITCR.NE.1) ZKRa(OOUT+OEPC)/(TEMP(9, D-TREJ)
110 TEMPHFsDK2FK(TEMP(l,l))
TEMPCFsOK2FK(TEMP(9, 1))
RLOAD=PCMULT*RLPC(1)
UHM=PCMULT*RPC(1)
CsCUK(l)
OCVsPCMULT*VOC(l)
VUDsPCMULT*VPC(l)
PePCMULT*PE(l)
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Q5PCMULT*CQT(1)+QEPC)
WRITE (6,111) HRS,TEMPHF, T£MPCFfRLaAD,aHM,OCV,VLD,CUR(l),P,G,E
1 ITU)
111 FORMAT (1X,F13,0,8F9.1,3P2F9.3,OP4F9,3,F9.1,2PF9.3,I10)
JOPTlMeJOPTIM+1
PE(JQPTIM)«P
V O C ( J O P T I M ) » H R 3
HRSsHRS*HRlNC
IF (HRS.GT.HWMAX) 60 TO 118
IF CHF|_F,GT.Ot) QGEN80BOU*£XP(-HRS/HFLF)
CAUL PHONY(DPr JDUMP,HRS)
RETURN
112 JOHTlMs-2
IF CRAQPCT.EQ.O.) RETURN
Q8l,OEb*(l,-PE(3)/PE(2))/VOC(3)
Eai.OE6*(l.*PE(7)/PE{a))/'VOC(7}
WRITE (b»201) VOCf3),Q,VOCC7),E
201 FORMAT UHO//25X,F10,0,2SH HOUR POWER DEGRADATION <»fF8.3,
1 22H PcT, PER 10,000 HOURS)
TEMPU, DSTHSAV
TEMP(9,l)aTCSAV
RETURN
END
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SUBROUTINE PUMP( IRTRN)
COMMON / M O O O P T / I p n w T , DR<| ,QRlNcR, IRITE,ORTE,JOPTIM, IZ9 , IENOK, IPUN,
1 R I I N C , R O I N C , R i r t A X , R 9 M A X , D T M I N , Q R E Q , T H I N C , T C I N C , T C M A X , T H M A X
2,NPERT,ZNP£RT,CKFP,CKFT,nTEOC»CTEIC,DELTL,RLPERT,RLMAX,ZNMIN,Z9SAV
COMMON / M D C P O P / * A D ( 9 ) , D R ( 8 ) , T E M P ( 9 , 3 p O ) f V O C ( 3 0 0 ) , R P C ( 3 0 0 ) , P E ( 3 0 0 ) ,
1 QT C300),NOPTIM,VPC(300),RLPC(300),DTMUn(300),CUH(300),LNRAD(9),
2 ZLP,ZLN,ZLI,ZLNLP,ZLPNI,ZLTE,NGT1,NGT2»ITPERT,PCMULT,NODUMP,IVO,
3 QGEN,QGENL,QTE»QOUT,ZID,ZOD,ZKEND,ZK9,*KR,RPPC,RPNfTOLTEM,TRFJ»
a VRFQ,PEREO,ZLREO,WTCQN,ZLPM,IDUMZ,RN,OGRF,DGTRF,DGLRF,RADK,JDUMP,
5 DP(30),NC
COMMON /riTLE/FETM(3),CA8CAD(8,2),SSIN(3)fCMT(25),COND(3,5),TEMKF,
4 f+ U LA ti f ->i -1^ » '* k» T-ik.. T'itt TTO
COMMON/TEPMP/NPUMP,DR8,COD2
IF (JOPTIM-1) 102,103,201
- INITIALIZE VARIABLES
102 JQPTIMsl
INC3=1
TFMPHFsDK2FK(TE«P(l,l))
TEMPCFsl)K2FK(TEMp(9,l))
IRITts^
C002sOR(8)/RAO(9)
COt>s .5*COD2
IF (PEREO.GT.O..AND.VRtO.GT.O,) GO TO
WRITE (6,106)
106 FORMAT (1H//100H VOLTAGE AND PnWER MUST BE SPECIFIED IN PUMP MQOUL
IE PARAMETRIC CALCULATIONS, CALCULATIONS SUPPRESSED)
RETURN
105 CUREQapEHEQ/VREU
RLPC(l)=VREQ/CUKEQ
PsRQlNC*FLOAT(NPUMP)
R9MAXsZ9SAV+0.5*P
DR3SAVsDR(3)
OR6SAV»DR(6)
OR3MAXsO«3SAV*P
DR6MAXsD»6SAV+P
103 WRITE (6,100) (CMT(J), Jsl,25)
100 FORMAT (1H1,4X,2A4,1X,18A4,2H ( , F2. 0, 2 ( 1 H/ , F2 ,0) , 2H) ,2A4)
WRITt (6,101) TEMPHF,TEMKF,TEMPCF,TEMKF»ZIO,ORTE,DR(1) ,PCMULT,COD
101 FORMAT (26H AVERAGE HOT CLAD TEMP. »,F».1»6H DEG. , A 1 , 30X , 2bHAV£R
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UGE COLD CLAD TEMP, a,F8.1,6H DEC. , Al /10X, 16HINNER DIAMETER «,
2 F8.4,4H IN.,36X,22HT/E RAOIAU THICKNESS 8,F8,4,4H IN./26H INNE
3R CLAD THICKNESS s,F8,4,4H IN. , 8X, 16HNO. OF COUPLES «,F3.0,4X,
4 27HCLAO THICKNESS/0, D. RATIO «,F8,5)
J»l
IF (WTCON.GT.O.) Jn2
WRITE (6,104) C«MD(1,IENOK),CRMD(1,IENDK),CRMD(1,J)
104 FORMAT (95HO DR(3) OR(6) 0.0. ZLN ZLP
1 VOC VUOAD CURRENT POWER OA4,5X, 3HETAA2, 3X » A4,
2/119H (IN.) (IN.) (IN.) (IN.) (IN,) (M-OHMS) (VOLT
33) (VOLTS) (AMPS) (WATTS) (WATTS) (PCT.) (LBS.))
201 JOPTIM*JOPTIM+1
IRTRNsl
IF (AflS(CUREO-CUR(l))/CUREO.LE.TOLTEM.OR.jOPTlM.6T.10) GO TO 210
«CPC=(VOC(1)»VREQ/PCMULT)/CUREO"RPPC
RCONO = «PC(1)»RPPC-»RPN
P»RCPC*RCPC»4,*WPN*RCONO
IF (P.LT.O.) GO TO 209
ZLNs.S*ZLN*(RCPC-SQRT(P))/RCOND
RETURN
209 ZLN*ZLN*SQRT(RPN/RCOND)
JOPTIMslO
RETURN
210 QHMsPCMULT*RPC(l)
WTsWATE(P)
OCV«PCMULT*VOC(l)
VLDsPCMULT*VPC(l)
P«VLO*CUR(1)
Q*PCMULT*QT(1)*ZKEND*DTMOD(1)
IF (INC3.EQ.O) GO TO 212
WRITE (6,211) OR(3),DR(6),ZOD,ZLN,ZLP, OHM,OCV, VLD,CUR(l),P,Q,E,WT
211 FORMAT (2HO , 3F8.4, 2F9.4, 3PF9.4, OP2F10.4, F9.2, F9.3,F9. 1 , 2PF10,<U
1 OPF9.3)
INC3»0
GO TO 214
212 WRITE (6,213) 0« (6) , ZOD, ZLN, ZLP» OHM, OCV , VLD,CUR ( 1) , P, Q, E, WT
213 FORMAT (10X,2F8.4,2F9.4,3PF9.4,OP2F10.4,F9.2,F9.3,F9.1,2PF10.4,
1 OPF9.3)
« INCREMENT OUTER CONDUCTOR RADIAL THICKNESS
214 JOPTIM.2
IRTRN«2
IF (DR(6).LE.DR6MAX) RETURN
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INC3sl
l)R(fa)soR6SAV
C- INCREMENT INNER CONDUCTOR RADIAL THICKNESS
DR(3)spR(3)+ROINC
IF COR(3),LE.DR3MAX) RETURN
JOPTIMsl
DR(3)soR3SAV
c- INCREMENT T/E WASHER RADIAL THICKNESS
Z9SAVsz9SAV+0.25*ROINC
DR(4)roRU)*0.25*ROlNC
IF (Z9SAV.LE.RSMAX) RETURN
IRTRNS3
RETURN
END
FUNCTION W A T E ( W f P C )
COMMON / M D C P O P / R A D ( 9 ) , O R ( B ) , T E M P ( 9 , 3 0 0 ) » V O C C 3 0 0 ) , R P C C 3 0 0 ) rPE(300) ,
I Q T ( i O O ) » N Q P T I M » V P C ( 3 0 0 ) , RLPC (300) , OTMQD (300) , CIW (300) , I.NRAO (9) »
N f ZL I»ZLNLP,ZLPNI f / LTE ,NGT l ,NGT2» ITPERT,PCHULT,NOOUMP, IVU,
f DGLRF,RADK, JDUMP
5 DP(30),NC
COMMON XMODCPL/CURMDDC15) , IT(300) , DTTEr CONRN, CONRP, 2LIP» ZNC »
1 ALR64,MAXTEM,OGAM,C6AM,INDI,RINT4,RINT6,RCON«,RCON6,C1FEH,C1FEC,
2 CONST lr CONST 2, C i )NST3 ,CnNST4 ,CnNST5( rNR50pT ,SEGTE, ICRMDL»R ARC
COMMON / F O w T / n E N ( a ) , D E N l , D E N 3 N f D E N 2 N , D E N 3 P , D E N 2 P , D C R H r D C R C
l)EN(b)s(2LN*DEN2N+ZLP*DEN2P-»-2.*ZLM*DENlJ/ZLTE
DEN(b)s(ZLPNl*DCRC+ZLM*DENI)/ZLTE
CALCULATE HEIGHT OF ONfc COUPLE
WtPCsO.
DO 10 I«lr8
10 WTPCsWTPC+PIL*DR(I)*(RAD(I)+RAD(I*D)*DENCI)
CALCULATE TOTAL MODULE WEIGHT
WATE*WTCON*(RAD(9)*RAD(1))*(RAD(9)-RAD(1))+PCMUIT*WTPC
RETURN
END
FUNCTION DK2FK('U
COMMON XMPDOPT/1POWT, DR4 , DRlNcR, IRITE ', DRTE » JOPT IM , 1/9, IENDK , IPUN,
1 RIINC, ROlNC,RlMAX fR9MAX,DTMIN (QHEUf THlNc,TCINC,TCHAX rTHMAX
2, NPERT^ZNPERT^CKFPfCKFT^CTEOCfCTEIC* DEL TL» RUPERT, RLMAX,ZNMIN,Z9SAV
CONVERTS KELVIN TO FAHRENHEIT DEGREES (IF NZ(0)«1)
DK2FKsT*CKFT-CKFP
RETURN
END
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C
C
c
c
c
c
C
C
C
C
C
C
C
C
c
C
C
C
C
C
C
FUNCTION SI(XTBL,YTBL, XX, NN,IND, INDLE, INDUE)
DIMENSION XT8L(2), YTBL(2)
XcXX
NsNN
IND
INDLE «
INDICATES TYPE-OF-EXTRAPOLATION THAT WAS USED(iND«o INDICATES NO EXTRAPOLATION WAS NEEDED ON(iNo«i INDICATES LOWER EXTRAPOLATION WAS NEEDED(iNos2 INDICATES UPPER EXTRAPOLATION WAS
INDICATES TYPE-OF-LOWER-EXTRAPOLATION TO(INDLEal INDICATES LOWER EXTRAP. ON X IS
LOWER EXTRAP. ON X IS
LOWER-LINEAR EXTRAP.
INDUE
(lNDLEa2 INDICATES
(INDLE«3 INDICATES
(INDLE«4 INDICATES
(INDLE«5 INDICATES
INDICATES TYPE-OF-UPPER-EXTRAPQLATION
(iNOUFil INDICATES UPPER EXTRAP. ON X
(INDUE«»2 INDICATES(iNDUEsj INDICATES
(INDUE84 INDICATES UPPER-PARABOL 1C EXTR,
(INDUE«5 INDICATES UPPfR EXTRAP, ON X IS
NAME OF INDEPENDENT VARIABLE TABLES
NAME OF DEPENDENT VARIABLE TABLES
NUMBER-OF-POINTS IN EACH TABLE
PARTICULAR VALUE OF INDEPENDENT VARIABLE
(IF ANY)
x)
ON x)
NEEDED ON x)
BE USED ON x
TO BE LINEAR)
TO BE PARABOLIC)
ON X AND ERROR PRI
LOWER-PARABOLIC EXTR.
LOWER EXTRAPt ON X IS
TO
IS
UPPER EXTRAP. ON X IS
UPPER-LINEAR EXTRAP
ON X AND ERROR PR
TO BE FIRST TABLF
BE USED ON X
TO BE LINEAR)
TO BE PARABOLIC)
ON x AND ERROR PRI
ON X AND ERROR PR
TO BE LAST TABLE
XTBL
YTBL
N
X
SIsYTBL(l)
INDsO
IF(NN.LE.l) RETURN
CHECK TO SEE IF LOWER OUT-OF-RANGE EXTRAPOLATION WILL BE NEEDED
IF (X-XTBLU)) 120, 130, 150
LOWER OUT-OF-RANGE EXTRAPOLATION WAS FOUND NECESSARY (SET iNDai)
IND«1
IF (INDLE ,EQ, S) RETURN
II»2
GO TO 25«
CHECK TO SEE IF UPPER OUT-OF-RANGE EXTRAPOLATION WILL BE NEEDED
IF(X,LT,XTBL(N)) GO TO 210
UPPER OUT-OF-RANGE EXTRAPOLATION WAS FOUND NECESSARY (SET IND«2)
120
130
150
GO TO (354, 180, 25«f 180, 131), INDUE
131 SI«YTBL(N)
RETURN
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lao HSN-I
GO TO 254
C
c (x is IN-RANGE MAKE A POINT SEARCH ON x TO OBTAIN
210 NMlsNM
00 220 IKs2,NMl
IIsIK
IF(XVBL(IK)-X)220,254,254
220 CONTINUE
C
X1*XTBL(H*1)
YUYTBL(H-l)
Y2*YTB|_MI)
C •
C CHECK IF (UPPER OR LOWER) EXTRAPOLATION WAS FOUND TO BE NECESSARY
IFCIiMD-l)259,257,258
C
C LOWER EXTRAPOLATION IS NEEDED * CHECK JNQLE FOR TYPE To BE USED
257 GO TO -(270*259, 370f 359), INOLE •
C
C UPPER EXTRAPOLATION IS NEEDED - CHECK INDUE FOR TYPE Tn BE USED
258 GO TO (270,259,370,359) , INDUE
C
C ERKOW PRINTOUT
359 CALL ERWOR(33H TABLE EXTRAPOLATED PARASOL ICALLY)
C
259 IF (NN.LE.2) GO TO 270
X3sXT8l(II+l)
C
c' PARABOLIC INTERPOLATION OR EXTRAPOLATION
2bO SI«Ylt(l,*(X2*XJ/('x3-Xl) ) * ( Y2-YI) * (X^X 1 ) / (X2-X 1) -(X2-X ) / (X3«X 1) * (
GO TO 300
C
C ERROR PRINTOUT
370 CALL ERROR(28H TABLE EXTRAPOLATED LINEARLY)
C
C LINEAR EXTRAPOLATION
270 SIsYl+tY2-Yl)*(X-Xl)/(X2-Xl)300 RETURN
END
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